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A NEW INDEX OF THE VOLUME OF TRADE 
By Cart Snyper, Federal Reserve Bank of New York 


We have had in recent years careful studies in the nation’s money 
income, by King,’ and by the National Bureau of Economic Research,? 
and of the rate of growth and variations in the volume of basic produc- 
tion, by King,’ Day,* Stewart, and Snyder. But the problem of 
estimating the total volume of trade, the aggregate exchange of goods 
and services, is much more difficult. Both Kemmerer’ and Fisher,* 
in their well-known works, attempted to make such estimates; and 
much more recently the Statistics Department of the American Tele- 
phone Company have computed an “index of business activity,’’® and 
the Harvard Bureau, under Professor Persons, from a quite different 
angle, has constructed an ‘‘index of trade.’’!° 

For a long time bank clearings, and especially clearings outside of 
New York City, were considered the best index of business which we 
possessed. But even these lost their barometric value with the enor- 
mous rise and fall of prices in and after the War. The materials for 
any dependable measure of our vast wholesale and retail trade, and such 
varied activities as amusements, advertising, life insurance, telephone 
service, and the like, have been available only within the last four or 
five years. With this has come also the development of reporting of 


1W.I. King, Wealth and Income of the People of the United States, 1917. 
* Income in the United States, II, National Bureau of Economic Research, 1922. 
Png I. King, Is Production Keeping Pace With Population? Bankers Statistics Corporation, Aug. 24, 
20. 
ont E. Day, An Index of the Physical Volume of Production, Review of Economic Statistics, Jan., 
21, p. 19. 
American Economic Review, March, 1921, p. 57. 
‘Proceedings of the American Economic Association, March, 1921, p. 75. 
ss Kemmerer, Money and Prices, 1909, p. 127. 
win Fisher, The Purchasing Power of Money, 1911, p. 478. 
: — C. Rorty, “Statistical Control of Business Activities,” Harvard Business Review, Vol. I, 


ro ae M. Persons, “An Index of Trade for the United States,” The Review of Economic Statistics, 
»¥,p. 71, 
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actual debits to individual accounts in the banks of the leading cities 
which has given us a more accurate account of check transactions, and 
likewise permitted computations of the velocity of bank deposits ip 
some leading cities." 

Believing that the materials for a more comprehensive index were 
now sufficiently complete, we undertook last year the compilation of all 
the available series. The work, however, proved more difficult than 
might at first appear, for the reason that a large part of the new ms- 
terial,—sales of retail stores, wholesale sales, building permits, and the 
like—was in dollar values which have, of course, been profoundly af- 
fected by the ‘revolution’ in prices in the last six or eight years. There 
seemed insuperable difficulties in the way of making any close com- 
parison, by months, between these dollar values and the variow 
quantitative data as to car loadings, production, factory employment, 
and the rest. 

But there were available, first of all, several very accurate and reli- 
able price indexes measuring the extent of these price changes, as those 
for building costs, chain groceries and the like; and, secondly, certain 
guiding principles which made it possible to test out the various at- 
tempts to obtain some common denominator of comparison. One of 
these was that, for example, the volume of store sales at retail ought 
to bear some fairly consistent relation with wholesale trade, even 
though the two might differ sharply at times. Similarly, wholesale 
trade ought to run with fair consistence with merchandise car loadings, 
although these in turn might vary widely. The production of goods 
for immediate consumption ought, in turn, to trek fairly well with 
wholesale trade, although here the departures might be much wider. 

In brief, for almost every one of the available series there were others 
of such close relationship that they could offer some measure of con- 
sistency, and probability. So, for example, one could build up the 
series from production of consumers’ goods and merchandise car loadings 
to wholesale trade and retail sales by department stores, and chain 
stores, etc.; and, finally, as all these comprise the immensely greater 
part of the nation’s trade, probably 80 per cent and more, we should 
expect that the final result should bear a pretty consistent relationship 
with the computed volume of bank debits outside of New York City, 
due allowance being made for the volume of speculation in commodities 
and in stocks; and for these latter, in turn, the data for new indexes are 
now available. ae 

It was the fact that it was possible to compare the various series 2 
this way, and to check one by another, that led us to carry through the 
work as planned. It should be said at the outset that the results here 


1 W. Randolph Burgess, “ Velocity of Bank Denosits,” this Journat, June, 1923, p. 727. 
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shown are presented simply as first approximations and nothing more. 
The purpose is to revise the indexes for all of the series each year, in the 
light of such new information as may be available as to seasonals, the 
computation of normal growth, price changes, and the like. 


THE MAKE-UP OF THE INDEX ! 


In all, twenty-eight different series have been included. Some of 
these series, like those for production of consumers’ and producers’ 


* This index is the work of the Reports Department of the Federal Reserve Bank of New York, and 
ae of Dr. W. R. Burgess, Manager, Alice Carlson, Irene Sheehan, Lucile Bagwell, Hazel Reilly, 
»P. Calvert, H. E. Niles, and J. 8S. Meiklejohn. 
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goods, are in turn composites of more primary data. The series ip 

groups, with the weighted values assigned to each, were as follows: 

Productive Activity 
4. Motor Cars and Trucks......... “— 


2. Producers’ Goods 9 5. Building Construction 
3. Factory Employment 


Primary Distribution 
6. Merchandise Car Loadings 
7. Other Car Loadings 
8. Wholesale Trade 


13. Department Store Sales . New Life Insurance 
14. Chain Store Sales . Amusement Receipts 
15. Chain Grocery Sales . Advertising 

16. Mail Order Sales 


. Postal Receipts 
Communication 


Financial Activity 
25. Shares Sold on New York Stock Exchange 
26. New Corporate Financing 
27. Grain Future Sales in Chicago 
28. Cotton Future Sales in New York and New Orleans 


These twenty-eight series include nearly every kind of data now 
available, by months, representing the industry and trade of the 
country. Some available figures, as, for example, ton miles carried, 


have not been included, owing to the extreme delay in their publica- 
tion. In general none have been included which are not usually avail- 
able by the end of the second month following the given month. Most 
of the data will be in by the 25th of the first month following, and 
preliminary estimates will be made for the series for which the figures 
can only be obtained later. Hence the composite figures published at 
the end of the first month following will be a preliminary index num- 
ber, and will be regularly revised thirty days thereafter. For the most 
part, however, these revisions will not be important. 

Some of the series given, as, for example, the wholesale and retail 
trade, relate to the Second Federal Reserve District only, since equally 
full data are not yet available for the whole country. But comparison 
of these with those available from other districts indicate that they are 
fairly representative. Later it may be possible to include more com- 
plete information. And other series may be added, from time to time, 
as they become available. 

Some of the series, especially those of production, are made up of the 
available figures for monthly production in the chief lines of industry. 
For the purposes of comparison these have been divided into two 
classes, those commodities which are chiefly used in the production of 
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other goods, and those which are for or near to immediate consumption. 
In other words, so-called producers’ and consumers’ goods. These two 


series, with the weights assigned, are comprised as follows: 


Consumers’ Goods 
Hogs Slaughtered 
Cattle Slaughtered 
Calves Slaughtered 
Sheep Slaughtered 
Sugar, U. S. Meltings 
La Milled 
ent 1 
—. U.S. Mine 
ine . 

Tin ee 

Petroleum . , 

Gas and Fuel Oil Newsprint 

Sole Leather Total Paper 

Bituminous Coal Boots and Shoes 

Rail Equipment 2 Anthracite Coal 


THE QUESTION OF WEIGHTING 


As far as the material was available, the weights assigned were ac- 
cording to the usual procedure; first, of comparing either the value 
added in manufacture, or the value of the product, or the value of the 
commodities exchanged; these data checked by the figures for em- 
ployment where possible. In the case of wholesale trade, retail trade, 
and the like, the intrinsic values of the different series (as shown by the 
gross amounts of the values reported) were likewise considered; and 
these figures in turn were of aid in comparison of these series with 
others for which census figures were available. 

But inspection of the twenty-eight series included reveals the dif- 
ficulty that lies in any statistical determination of the relative values, 
for the purposes of this index, of such widely discrete data as, for ex- 
ample: producers’ and consumers’ goods, car loadings, retail sales, bank 
debits, postal receipts, foreign trade, electric power production, factory 
employment, and the like. Many of these series, it is true, relate to 
much the same sort of things. And it is true that in the long run mer- 
chandise car loadings ought to correspond pretty closely to the volume 
of merchandise sold, and any wide departure between the showings of 
these series would be a matter of genuine interest and perhaps real 
moment. But, on the other hand, to say that one is as good an index of 
“trade” as the other, and to argue from this that if one is included it is 
not needful to bother about the other, is to resign ourselves at the 
beginning to the estimates heretofore available. 

Again, almost every one of the series included is open to some kind of 
qualification as to its value or scope. Merchandise car loadings may in 
the long run correspond very closely to the value of the goods carried. 
But we have no positive proof that they do; and from month to month 
these values may actually vary widely. 
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We know that over a series of years taken together the total volume 
of production ought to be a good index of the total of the nation’s trade, 
since never at any time is the storage of any large quantity of goods pos- 
sible. At no time, probably, has the nation as a whole an average of 
more than perhaps four or five-months’ supplies on hand. But because 
of this we cannot assume, as has been so largely done heretofore, that 
production of basic commodities, as reported from month to month, 
heavily weighted as these figures are in value by coal, iron and the like, 
are any reliable index of the current volume of trade, since in the 
totality of the nation’s trade these items are an extremely slight part— 
a few per cent at the outside. 

Again, the violent changes in the price level, which occurred in 1919- 
20 and in 1921-22, had their obvious effect upon the dollar sales 
from month to month in the different lines of wholesale trade and the 
different kinds of stores reporting in the retail trade. In some cases it 
was extremely difficult to measure the extent of these changes from 
month to month. Clearly then we shall be on the side of safety if the 
estimate of the value of goods sold, computed from the reported dollar 
figures, may be confirmed by quantitative figures from some other 
source. 

Finally, we cannot assume, as would be suggested by the amounts re- 
ported, that bank debits for the cities outside of New York are of equal 
value, for the measure of the total volume of trade, to all the rest of the 
indexes combined, even though, as so happily turned out, these bank 
debits, when corrected for the estimated change in the general level of 
prices, should prove to be so closely the same as the composite curve for 
the whole series. 

It seems clear that if the data are adequate and representative the 
different groups, which include productive activity of every kind, 
producers’ goods, consumers’ goods, building construction, and the like, 
ought to have much the same weight or value as the groups representing 
primary distribution, the data for wholesale trade, car loadings, im- 
ports, exports, etc. 

And again, the various data representing final distribution to the 
consumer should not be very different in their representative value from 
either of the two preceding. The data for general business activity, 
represented by bank debits, postal receipts, telephone service, etc., are 
in a class by themselves and are, in the period under view, of such char- 
acter that their representative value is probably considerably less than 
either of the others. And financial activity, the issue of new securities, 
share speculation and commodity speculation, are of still less repre- 
sentative value. 
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And, in fact, when the series were grouped up in this way, with the 
weights tentatively assigned to each series added together, it was found 
that the weightings for each group were about in the proportions jn. 
dicated above. The further interesting outcome was that when the 
composite lines for each group, with these weightings, were finally 
worked out, the variations between the different lines were very much 
what we might expect from our general knowledge of the groups. 

On the other hand, it was equally clear that there were many groups 
which, however interesting and valuable in themselves, as, for example, 
life insurance, amusement receipts, postal receipts, etc., were not of the 
same order of value for the purposes here in view; and the proper 
weights for these of a much lower order. 

If equal weighting had been given to each of the twenty-eight series, 
the average weight would have been 3.6 per cent. No series was in- 
cluded which was not deemed worthy of a weight of 1 per cent, and, on 
the other hand, the adjustment of the major groups indicated a maxi- 
mum value of 9 per cent for any one of the series available. 

But there still remained the question of a common denominator with 
which to compare the different series. 


THE CONCEPT OF A NORMAL 


We know from long experience extending now over a century that the 
population of the country has grown at an extremely even, but steadily 
diminishing rate. It was much higher in the earlier decades of the last 
century than in the first decade of this century. This diminishing rate 
of growth was so accurately known that, for example in 1850, it would 
have been possible to determine with a fair degree of probability the 
population of the country in, say, 1900 or 1910. This was on the as- 
sumption of what we call an established normal rate of growth. 

In the same way, in the various studies already referred to, as to 
our industrial growth, and especially of farm, mine and factory pro- 
duction, there is to be observed a characteristic rate of increase from 
one decade to the next. Over the last forty or fifty years the char- 
acteristic, or normal, rate of expansion in our basic industries, for 
which definite statistics are available, has ranged around 3 and 3} per 
cent per annum. 

In some lines, at least, as for example railway traffic, or postal 
receipts, or pig iron production, bituminous coal mined, and the like, 
this rate of growth has been so characteristic and even that it would 
have been possible at any interval to have predicted, with considerable 
certitude, what would have been the average figures in any of these 
lines for, say, any two- or three-year period, twenty or thirty years 
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ahead. Very much the same thing is true of our agricultural products, 
measured in bushels and barrels and bales. If there were no changes in 
the general average of farm prices, the average relative value of these 
crops could be predicted at any time ten or twenty years ahead. 

Now clearly all this is possible only on one supposition, and that is 
that there does exist for all these things a characteristic and “normal” 
rate of growth. And if this be true, then the variations from this 
predictable mean or “‘normal,” however wide they may be in any given 
month or year, will range about this computed normal, and above it and 
below it, in such even fashion as to describe approximately equal areas 
on either side of the line. 

We have, then, in dealing with railway traffic, or postal receipts, or 
pig iron production, and almost every other form of industrial activity 
for which we have sufficient data, full justification for speaking of a 
given volume, in any of these lines, as being a certain percentage of this 
computed “normal.’”’ So, for example, if the indicated normal produc- 
tion oi pig iron for a given year, say 1921, was 40 million tons and the 
actual product was 25 million tons, then we may say that this actual 
product was 623 per cent of the amount which might normally be 
expected from the previous rate of growth. 

This concept of a normal and characteristic rate of growth is rela- 
tively new. Though it was familiar enough in dealing with the prob- 
lems of population, life insurance, birth statistics and much else, it 
seemed novel when proposed for matters of industrial growth and 
production four years ago.! 

But almost no other method enables us so quickly to set economic 
events in their just perspective. Thus, for example, in the present year 
we have had endless newspaper headlines as to “new high records 
established” in this or that industry or field of production, as if, for- 
sooth, new high records in practically all of these were not the normal 
and usual fact. Even in so wide a variable as pig iron production, in 
the last forty years, ‘‘new high records” of production were established 
in some month in twenty-four of these years. 

For the present index it has been possible to calculate this character- 
istic trend or normal line of growth satisfactorily in the majority of 
cases. Practically always this is possible where the data extend over a 
sufficient period of years. In some of the newer industries, such as 
motor car vr electric power production, the normal rate of growth has 
been more difficult of computation. In such cases it has only been pos- 
sible to make the best calculation which the data afforded, and then 


‘Snyder, 1.¢.,supra. Alike in precept and example, the writer is much indebted to Prof. Frederick 
R. Macaulay, of the National Bureau of Economic Research; a pioneer in this field, though he has 
Published little either of his methods or results. 
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revise the results from year to year where revision may be needed. 
With so large a variety of data the probable error will, in any case, be 
small. 
SEASONAL CHANGES 

In precisely the same way as there is a characteristic rate of growth 
for most forms of economic activity, so in turn there is for many of 
these a characteristic degree of seasonal change. For most of the series 
experimented with the most satisfactory seasonal index was derived 
from the deviations from a twelve-months moving average; and then 
measuring the concentration or “‘scatter”’ of these deviations for each 
of the several months. Where a sufficiently clear or “strong” seasonal 
was to be observed the index figure for the computed percentage of 
normal for any given month was adjusted by this seasonal index, and 
thus the resulting index number made strictly comparable with those of 
any othermonth. Thus, for example, wheat flour production in July is 
usually or “‘normally”’ only about 80 per cent of the average monthly 
production for the year, and October as much above this average quan- 
tity. Clearly the actual month to month figures reported give us no 
clear picture unless this wide seasonal is properly allowed for. 


THE INFLUENCE OF PRICE CHANGES 


But when we come to deal with material like bank clearings, store 
sales or building construction, which are in dollar values, we encounter 
another factor which must be eliminated in order to make our index 
figures comparable in relative volume or value. Thus, for example, 
there was an enormous drop in the reported sales at wholesale and at 
retail in 1921, from the preceding year; and again in the last year and a 
half there has been an enormous rise in the amounts of building per- 
mits reported all over the country. In both cases the figures reported 
are deeply affected by the respective price and wage levels. 

Thus it might happen that the fall in merchandise prices in 1921 was 
rather greater than inthe amount of merchandise sales reported, which 
could only mean, if this were clearly established, that the actual amount 
of goods shipped and sold was higher in many cases in 1921 than in 
1920; and correspondingly the rise in building materials and in building 
wages in 1923 might have been so great that, although the building 
permits in dollars for any given month were greater, the actual floor 
space or volume of construction might have been less. 

For building materials and building wages we have, happily, excellent 
indexes of both building material prices and builders’ wages, by which 
the dollar amounts may be very quickly reduced to a comparable value 
or volume. In the accompanying chart is set forth a comparison of 





13] A New Index of the Volume of Trade 961 


building permits, as actually reported in dollars, and the computed 
amount of actual construction when the variations in the cost of con- 
struction and the usual seasonal change had been allowed for. 

In the case of the figures for wholesale and retail trade the procedure 
was much more difficult. Here it was needful to ascertain the probable 
changes in prices throughout the period for each of the separate lines 
reported, and construct a weighted average of these. The resulting 
computations from this method were then submitted to experts or those 
familiar with the several lines of activity, for their judgment as to the 
value of the indexes so found. Here again it is clear that we can have 
only approximations, but the average of a wide series of such approxi- 
mations, with an equal tendency to error in either direction, should give 
us a fairly dependable result. 

In every case a crucial test is that these computed relative values 
should, taken over a wide period, reveal a consistent rate of growth so as 
to permit the calculation of percentages of this normal trend. Here 
again it is the intent to observe the results carefully from year to year, 
and make such revisions as may be required; but it is interesting to note 
that in the last half year under view, and since these particular lines 
were computed, the percentages of normal shown have corresponded 
very closely to such other quantitative data as were available, that is, 
after a sharp increase in the earlier months of the year, most of the 
indexes have shown a sharp reaction towards the computed normal. 


THE SERIES BY GROUPS 


With so much of the material new, and its relative value not yet 
determinable, and with much more detailed information available in 
some lines than in others, it could scarce be expected that a logical 
grouping of the different series into Productive Activities, Primary and 
Secondary Distribution, and the like, could yield a perfectly consistent 
result. Nevertheless it was interesting to make the experiment and 
such weighted groupings were attempted as those detailed on the second 
page of this article. The group lines are set forth in the accompanying 
charts. As to these results it can only be said that no one could predict 
inadvance what the showing would be like, or how they would compare 
one with another. It is, therefore, of real interest to note that such 
expectations as might be formed as to the probable behaviour of the 
different lines were remarkably borne out. Characteristically there 
are to be seen much wider variations in the different forms of produc- 
tion, and especially of basic production, of so-called producers’ goods, 
than we find in the different fields of primary distribution such as car 
loadings and wholesale trade. And in turn the indexes of distribution 
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to consumers show a much steadier gait than the preceding or those 
representing financial activity and speculation. 

It may be noted that the group representing general business activity, 
chiefly bank debits, bears a remarkably close relation to the final 
composite line for all the twenty-eight series, slightly shallower in its 
fluctuations but very closely following the direction of change. Even 
more closely does the computed line for bank debits outside of New 
York City trek with the final composite; and this fact will be made the 
basis for a new measure of the variations in business activity in the 
thirty or forty years preceding 1919. 

Another group that attracts attention is the showing for distribution 
to consumers, and especially for the last year and a half. That this 
group line should run steadily below normal for so long a period is due 
almost entirely to the heavy fall in the sales of mail order houses. Most 
of the other indexes of retail sales and consumer buying have been 
running slightly above normal in the same period. 


THE FINAL COMPOSITE 


The composite index of the entire twenty-eight series, which we have 
called the Total Volume of Trade, presents many interesting points for 
study. In the 1919-20 boom, apparently trade activity reached its 


highest levels in July of 1919. In spite of the unparalleled, for peace 
times, rise in prices which continued for the next ten months, it there- 
after showed rather a declining tendency, and this distinctly preceded 
the great fall in prices, which did not become general until June of 1920. 

Another showing of equal interest is that trade activity, after the 
severe depression through 1921, had returned to normal by the end of 
the following winter. Yet, in spite of this, great pessimism still pre- 
vailed, and there was widespread belief that there was no recovery in 
sight; another illustration of the curiously unreliable information 
prevalent in almost every line of business where no definite figures are 
obtainable. Apparently business men generally think of business 
chiefly in terms of profits and not of the volume of goods handled or the 
social service they perform. 

It will be noted, too, that the highest point shown by the index was in 
March of this year, just preceding the sharp slump in prices which 
began in April. This unexpectedly high average was clearly due 
over-activity in the fields of production, building and primary distribu- 
tion, quite distinctly beyond the demands created by actual trade. 

As to the percentages of variation in the total volume of trace, a8 
here shown, it should be said that these are obviously the outside limits 
and quite probably they are far outside; because for the economic ¢02- 
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3 2 1 1 8 3 6 3 2 2 2 
118 61 142 85 101 95 100 105 97 104 67 93 
131 70 110 93 101 102 103 104 87 118 76 101 
130 74 148 79 98 96 105 101 79 126 78 102 
160 81 227 76 113 105 100 101 101 129 78 106 
138 100 248 89 113 101 103 103 102 131 | 73 108 
222 92 256 91 124 99 97 101 97 115 94 118 
146 107 104 85 118 106 100 106 101 127 86 120 
151 87 109 107 112 102 102 103 98 129 83 126 
116 126 113 96 109 109 97 105 111 118 93 123 
106 109 81 92 103 105 97 111 126 116 97 121 
122 115 89 79 105 102 102 103 109 118 93 124 
108 98 77 125 111 102 97 103 108 107. | 112 121 
120 118 74 114 115 106 102 99 111 102. |} 105 128 
122 118 74 108 106 98 98 98 117 97 | 98 136 
144 118 140 110 115 100 100 1Q2 100 114 106 129 
123 118 125 110 104 97 99 113 92 122 lll 123 
137 105 224 114 113 101 101 102 87 100 109 125 
120 140 145 110 110 96 100 98 89 103 122 126 
138 137 178 112 113 97 104 103 85 103 118 124 
116 125 142 132 107 93 99 96 79 97 | 122 137 
105 94 125 129 100 93 100 95 80 104 | 126 124 
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110 86 116 115 94 98 100 96 83 100 126 118 
124 75 139 124 96 93 96 99 68 90 125 111 
130 63 164 120 97 99 99 87 64 94 111 107 
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92 92 216 98 99 104 107 95 75 91 | 117 91 
96 79 246 79 98 98 100 97 69 91 117 95 
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114 76 194 75 97 99 102 97 64 87 106 92 
121 78 305 90 108 101 102 103 68 96 105 92 
91 75 201 81 97 92 97 100 76 94 i 105 90 
82 72 109 92 92 102 102 106 70 96 | 95 88 
70 82 80 St 95 98 98 108 62 92 110 90 
69 90 94 93 89 102 99 115 62 95 | 99 89 
70 83 139 74 92 95 94 108 66 93 101 90 
74 85 157 83 99 100 100 103 64 88 93 89 
92 92 206 88 104 102 98 110 74 91 i 94 88 
91 83 201 95 101 100 101 - 105 78 92 86 89 
90 99 198 97 101 101 99 104 84 97 95 89 
102 105 205 92 103 101 99 103 87 100 81 90 
98 99 171 109 100 96 99 94 76 98 84 90 
90 102 203 106 104 103 99 103 69 104 83 93 
79 111 183 104 103 105 102 100 80 107 82 90 
79 96 121 114 103 103 97 95 88 113 80 $3 
81 102 101 119 105 101 99 104 83 108 86 93 
71 100 86 126 101 101 102 101 83 113 101 93 
74 110 96 123 105 98 99 103 89 102 106 93 
79 105 129 131 110 96 100 101 88 95 93 95 
83 125 106 151 110 98 105 105 96 100 101 95 
82 122 107 168 110 98 96 96 100 103 95 96 
83 130 143 161 110 99 99 104 110 105 108 94 
90 119 92 167 106 101 103 95 103 108 93 94 
95 110 73 178 105 p 93 94 90 91 103 94 95 
92 p 99 p 86 166 108 p | 101 98 ‘os 81 112 98 95 
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* Note: One of the series included in this group (weight, 1%) not available for publication. 














Financial General business 
Group weight, 6% Group weight, 17% 
\dver- | Group New Stock Grain Cotton | Group | Debits out-| Debits | Postal Electri- | Group 
tising |averages}| securities sales sales sales /averages|side N. Y.C.|N.Y.C.| receipts | cal power |averages* 
2 2 2 1 1 8 5 1 2 
93 97 109 69 124 107 98 103 98 104 102 100 
101 100 93 71 132 112 95 101 99 102 100 100 
102 98 43 124 120 105 93 98 91 97 97 96 
106 103 24 166 91 112 97 104 97 105 97 100 
108 103 73 199 95 153 132 111 112 106 99 110 
118 101 136 190 77 155 147 109 115 98 97 108 
120 106 130 199 75 140 145 112 123 100 ag 113 
126 104 115 140 91 98 116 lll 118 96 98 lll 
123 107 118 138 93 98 117 107 114 98 99 107 
121 109 144 214 57 116 148 109 117 101 101 109 
124 105 107 172 68 ill 123 108 114 93 104 106 
121 105 83 141 9 99 93 lll lll 101 105 108 
128 106 162 113 53 97 116 112 106 102 107 108 
136 103 124 70 lll 103 108 102 101 108 106 
129 104 130 164 129 131 109 100 108 107 106 
123 105 142 160 78 145 138 109 98 114 107 105 
125 102 152 94 76 98 lll 104 89 103 105 101 
126 101 119 52 93 82 86 101 88 106 106 99 
124 102 82 70 81 80 101 91 108 106 100 
137 99 53 77 102 96 76 99 91 105 107 98 
124 99 48 85 107 93 78 100 89 104 105 98 
121 96 128 76 126 92 104 98 91 102 103 97 
118 100 63 122 122 85 97 100 98 101 98 
Lil 95 96 132 158 93 118 100 104 101 O4 100 
107 93 122 89 139 106 111 93 99 96 92 95 
102 95 98 56 173 105 98 95 97 98 91 96 
97 97 58 90 138 91 87 94 91 99 90 93 
91 98 70 85 140 78 88 98 91 97 90 94 
95 95 81 94 144 63 93 96 96 94 89 96 
92 99 38 100 136 88 83 96 99 98 90 97 
92 85 51 159 57 81 92 98 95 89 94 
92 97 31 60 138 87 68 98 98 102 2 98 
90 94 104 70 131 142 103 97 100 98 91 98 
88 97 30 71 154 97 76 96 96 93 91 96 
90 89 83 132 86 101 99 97 91 97 
89 98 129 92 136 81 110 102 106 100 90 101 
90 OF 108 88 105 84 97 96 103 94 92 97 
89 71 87 85 o4 82 102 112 97 93 104 
88 98 133 122 144 71 121 103 111 98 95 104 
89 96 145 163 147 67 138 103 116 97 93 105 
89 98 156 154 107 111 139 106 118 100 98 110 
90 97 142 128 110 143 132 105 117 103 100 108 
90 92 100 80 104 118 97 97 111 99 102 
93 96 53 94 86 98 80 100 110 105 102 104 
98 158 114 99 104 125 100 110 102 102 103 
$3 97 105 135 71 98 108 102 112 99 104 105 
93 98 57 102 81 118 96 99 99 102 104 
93 99 89 103 90 127 115 104 99 102 102 102 
93 99 191 104 106 150 141 108 108 104 108 107 
95 97 lll 119 92 166 120 112 117 102 109 112 
95 101 127 135 69 169 127 108 110 105 110 109 
96 98 123 104 53 185 115 lll 104 99 109 107 
G4 103 86 119 106 175 115 112 105 104 112 109 
94 100 124 102 96 140 118 107 105 102 110 107 
95 94 57 64 90 111 71 49 98 ag 109 100 p 
95 99 p 57 67 62 99 74p 102 93 103 110 101 p 
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tributions of an immense body of the population we have little or no 
measure at all. Our data give little information as to the month to 
month activities of the farming population, 30 per cenit of the whole 
country, or of that vast element of professional, domestic, mechanical 
and public service performed by millions of school teachers, lawyers, 
doctors, dentists, government employees, domestic servants, traveling 
salesmen, and a multitude of small lines of manufacture. These are 
affected relatively little by the ups and downs of trade, and go on from 
year to year with but scant attention to the “business cycle.” Quite 
possibly we should not err if we estimated the total of these activities at 
a full third, and possibly more, of the whole industrial activity of the 
nation. 

If, therefore, we here compute that what may be termed the more 
vocal lines of activity vary by as much as 10 per cent below or 10 per 
cent above a computed line of normal growth, we must recall that these 
are the extreme limits, for not to exceed two-thirds of the total activity; 
and that quite possibly even for this two-thirds the data may be some- 
what misleading, inasmuch as we now know from the interesting studies 
made by Prof. W. I. King? that it is the large establishments, from 
which most of our data are derived, which are affected by trade cycles 
much more than the small ones. Personally the writer adheres to a 
belief previously expressed,? that the total variations for the whole 
country are much nearer to a probable 5 per cent above and 5 per cent 
below normal than seems generally the impression. 

As to the duration of the cycle, as here depicted, it will be noted that 
from the high levels of 1919-20 to the return to these same levels in the 
earlier part of 1923, there was, between the middle points, a period of 
about three years and a half, which corresponds closely to the results ob- 
tained by Persons, King, Ayres, and others from much more extended 
studies, 

For the five years to date it will be seen that the computed volume of 
trade appears to have been above normal continuously for some sixteen 
months in 1919-20, and then continuously below normal for nineteen 
months. Then came a see-saw period for about six months, since which 
time the line has been at or above normal for ten months, to the date of 
this writing. 

A full account of the methods of computation for each series, with 
complete data, will be published later. 


'W. I. King, Employment, Hours and Earnings in Prosperity and Depression, 1923. 
*Carl Snyder, “Shall We Modify Our View of the Business Cycle?” Administration, May, 1923. 
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PROBLEMS IN SAMPLING! 


By Burton H. Camp, Wesleyan University 


1. INTRODUCTION 


One of the simplest problems in the theory of sampling is this: 

(I) Let k elements be drawn, one at a time, with replacements, from 
a given distribution. What is the probability that the arithmetic mean 
of the sample will lie within prescribed limits of the mean of the given 
distribution? 

It is remarkable that there has been given no complete treatment of 
this elementary problem. LaPlace gave a partial solution. Suppose 
the sampling were continued indefinitely, k being the number of ele- 
ments in each sample. There would then be obtained an infinite num- 
ber of samples, and therefore an infinite number of means. Let the 
curve which would describe the distribution of all these means be called 
the ‘‘curve of means.” LaPlace showed that, as k became infinite, the 
curve of means would approach as a limit the normal, frequently called 
the Gaussian curve. It is, therefore, current practice to use Gaussian 
tables in formulating a solution to the above problem, but, in many 
practical cases, k is not very large, and LaPlace’s theorem is not ap- 
plicable. Furthermore, there is no criterion by which the statistician 
can separate the cases where it is applicable from those where it is not. 
To be sure, it is known that certain parameters (Pearson’s f’s) of the 
curve of means can be determined from the corresponding parameters 
of the given distribution, but the determination of these parameters 
does not in fact supply the needed criterion, although, if they are found 
to be near their Gaussian values, one may be led to suspect that the use 
of a Gaussian probability table is justified. It is the first purpose of this 
paper to derive such a criterion, and then to furnish more powerful 
methods which may be used in connection with those cases where it is 
found that the Gaussian method fails. Two other questions will then 
be handled by the same general methods, again without the LaPlace- 
Gauss assumption which has heretofore been necessary: 

(II) The probability of an event is known, say, from theoretical con- 
siderations, to be equal to p. What is the probability that, in n trials, the 
number of successes will differ numerically from the expected number (pn) 
by as much as an observed amount 6? 

1 Read in part at a meeting of the American Mathematical Society, Wellesley, Mass., Sept. 9, 1921. 
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(III) Two samples are drawn from a general population. It is found 
that the proportion of the first sample which has a certain characteristic 
differs by a certain amount from the proportion of the second which has 
that characteristic. What is the probability that a difference as large 
numerically as that observed would be obtained by simple sampling? 

The mathematical treatment of the first problem will be given in 
Section 2. The summary and illustrations in Section 3 are intended to 
be sufficiently detailed to allow those readers who may be interested 
only in the results to obtain them from that section alone,' avoiding the 
mathematical theory. The study of the second and third problems will 
be presented in a similar manner. 


2. THEORY 


Let the parent curve be f(x), and let its mean, standard 
deviation; moments; and Pearsonian parameters be, respectively: 
z=0; 8; M = $*, m3, M4, - «© © § Bi = m?;/m*e, Bo =m4/m?*,, 


Let the curve of means (k elements) be g(t), where (= 222. It is 


known that its mean will bet=0. Let its standard deviation; mo: nents; 
and Pearsonian parameters be, respectively: o; ge, ws, Ms, « - 
B, B, . . . . Let P(Ac) denote the probability that a sendeun 
value of ¢ will differ numerically from t=0 by more than doc. Let 
the units be so chosen that 

Xo 


Pore)=1- | 9 dt (1). 


—ro 


The function g(¢) may often be expressed in a series of orthogonal func- 
tions, involving Hermite’s polynomials (Charlicr’s A-series),? and the 
series integrated term by term. Using the notation of Czuber,* and 
putting first X = —do, and then X =o, we have: 


P(dc) =8(— X)+1-—(SX) 
( = 4+p,2'- Vide 4 


=3+30(—V)ot+Ds yi 


®(V). 


= . . . ; 


Except, of course, that it will be necessary to read the statements of the theorems in Section 2, 
= V. L. Charlier, Vorlesungen aber die Grundziige der Mathematischen Statistik, 1920, p. 67. 
Cauber, Wahrscheinlichkeitsrechnung, 3rd. ed., 1912, vol. 1, pp. 422 ff. 


—49(1)— DO 
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where V=)/V2, and 


Vv 
2 
&(V);= T | Vslere ae, v=th, if 7>0, 
T 


Vv 
-7- fv —* 1 if ° 
Vv, o(v)e dp, if <=0, 


0 


and U,(t)=1, Ui(t) = —2t, etc. Since U2, i20, is an even function, 
and since also it is orthogonal to Use,” when i>0, 
Vv 


2 
Uae dv 


-—V 
2 2 
&(—V)o;—(V =| tg, 2 
( )e (Ve va dv Ves ° 
V 


oo - V 
2 2 v2 
=| / ial dv— / — / ogi iv 
4 


-+0-2 / Use*iv |= ~26(V)o:, if i>0. 
v<« a 


Similarly, since U2;,; is an odd function, 
&( — V)o¢41— B(V oi 41 =0. 
Hence 


P(do) =1-8(V).—D 2 


When g(t) is a normal distribution, the value of P(Ac) is 1—(V)o. 
Let this be represented by G(Ac). Then, by (4), 


G(de) — P(e) =D, 24 4D, + ee. 





This is the fundamental formula from which the remainder of the 
theory will be derived. The right side of this equation is the error that 
would be made if P(Ac) were computed in the ordinary way from the 
Gaussian probability tables. The #’s are given by Czuber * (volume 
one, pages 437 ff.) and others up to and including %. and might be 
computed (Czuber, volume one, page 423) up to #, from the ¢’s in 


1 Loc. cit. 
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Glover’s tables.! The D’s are given by Czuber (volume one, page 422) 
n terms of h=1/ oV 2, and the moments. It is better here to have 
them in terms of the B’s: 


1 
, oe 
: 12 +9) 


1 1 
De= —(Bi—15) —- —(B—3 
6 TaD ° 4— 15) Ty 2—3) 


etc. 

It should be noted that, up to this point, no use has been made of the 
condition that g(t) is a curve of means. Indeed all the theory so far 
developed is given essentially, although in another form, by Czuber. 
Formulae (5) and (6) apply, therefore, to the more general case where 
g(t) is an arbitrary frequency curve. Now it is known? thai the B’s 
may be expressed in terms of the f’s: 


1 
B= yo 


By-3=" (6-8) 
| 


B,-—15= — 
k2 





1 1 45 1 
(B,—15)+ 1a - 1)(a56+108) — (1 _ *) 


etc. 


Theoretically, then, the problem is solved; for, by means of (5), (6), 
and (7), P(Ac) may be expressed in terms of the known ®’s and the §’s 


of the parent distribution f(z). Of course o=s/ Vk. But, unless one 
is content with the approximation indicated when one stops with the 
term in B:, this compels one to compute high moments of f(z). As this 
is usually impracticable,? an inequality for these high moments will be 
derived which is sufficiently accurate for many purposes. 

Let R be so large that Rs>|xz|. Thus, in particular when f(z) 
is symmetrical, R is its semi-range, measured in terms of the stand- 
ard deviation as a unit. The following inequalities will now be 
established : 


mill ez mY a an¥t 
a |= VSR, ~~ BoE, = = V8:< Rp», = 1 R*Bo, etc. (8) 


.J. W. Glover, Tables of Applied Mathematics in Finance, Insurance, Statistics, 1923, pp. 391 et seg. 
= 9., Tchouproff, A. A., Biometrika, vol. 12 (1918), pp. 140-210. 
Unless one assumes that g(t) belongs to one of Pearson's elementary types (see remark following 
Table I, Section 2), 
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Let y=|z|/s. Suppose there are n elements in the frequency dis- 
tribution f(z). Arranging them as a monotone sequence, we have: 
R2Zyn2Yn-1= - * ~« 2y,20, 
2 
ty? = 1yy= wen. 
Se 3? 
Consider also the sequence: 


2n= Yn; 2n—1= Y'n-1, , * - gy a=yr. (11) 


The various sums, 2, 2n+2n-1, - + + » 2n+2n-1+ — 
+z,, are each at most equal to 2y?, which equals n by (10). There- 
fore, by Abel’s Lemma, the termwise product sum of (9) and (11). 
yntynauit . . . +y2*SnR; that is: 


by er | es = VBR. (12) 


Similarly, if instead of (11) we write z,=y,°, . . . , 4=%', we 
note that the various sums, 2p, 2n+2Z,-1, etc., are at most equal to 
Zy*, which has been shown to be at most equal to nR. By the use of 
Abel’s Lemma again, then, 6:.<{R?; and the rest of (8) may be proved in 
an analogous manner. 

— (8) in (7), we have: 


BS1R, |Bs -3|s =" =, + 





~ 15,5 2415 
— 


Ube Ot (13) 


etc. 
These, with (6), give: 
masts 
(14) 
1 15+8,R? 
D st (4s 10 15 s+ HP 
|De| 7 +108:+ 1562+ —> 


etc. 
We may now summarize our results in two theorems and a corollary, 


obtained, respectively, by combining (6) and (14) with (5). 

Theorem I. If the curve of means! can be accurately described by the 
terms of Charlier’s A-series up to and including the term in $s, then 
Ba—3 B(A/V2)4 

12k 8 





G(Ao) — P(do) = 


This formula requires a knowledge of s and {2 of the parent distribution. 
It is to be used in preference to Theorem II, which follows, whenever 
one may be assured that its hypothesis is fulfilled. 

1Or, more generally, the curve 4 g(t)+4(-—?). 
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Corollary. Subject to the same condition, 


Poe (<r? |o(a/V2),! 
|G(Ae) — P(A) |S ok . 





This requires a knowledge only of R and s, not of 62. Obviously it will 
not give so close an approximation to the true value as the formula of 
the theorem itself, but it involves a minimum of computation, and 


will often be found useful. 
Theorem II. If the curve of means! can be accurately described by the 


terms of Charlier’s A-series up to and including the term in $7, then 
<|&a—3 8(0/V¥ 2), 
| 12k s 


1]B(4/V2), & Bi a ( Rs) 
pt at ves SO — +—+ —| 1+ — } |. 
+ 32 6k + 18 19k 135 





IG(Ac) — P(Ac)| 


A third theorem, proved elsewhere, will be inserted here, since it also 


will be needed in the applications. 
Theorem? III. If the curve of means g(t) is a monotonic decreasing 
function of |t| for values of |t|>o, then 


Bo,—2 1 


(%tt)" 1+¢ 
2r 





P(Ao) < +¢, r=1, 2, 


where o and [(2r+-1)/2r]”" are tabulated below. 

This inequality is to be used as a last resort for very extreme distribu- 
tions which are too far from the Gaussian to permit the use of the 
previous theorems; and also for the less extreme distributions, if \ is 


TABLE I 








(= +1\2r 
2r 





A=3.5 





-016 .008 ‘ 
-001 4 .000 51 2.44 
-000 15 .000 039 . 2.52 
1.9X10% 3.3 X10-* : 2.57 
2.5 X10-* 3.0 X1077 . 2.59 
3.3107 2.7X10°% 2.61 




















1 Bee foot-note to Theorem I. 
*For & fuller statement and proof, see the author’s article in Bulletin of the American Mathematical 
Society, vol. 28, 1923, p. 429. 
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large. Usually, the best value of r to use is one near the value, r= 
(1+d?) /2. 

The high B’s needed when ) is large may be found up to and including 
B, from the values of B,, B2, and Pearson’s tables. But these tables 
suppose the distribution (of means) to belong to Pearson’s elementary 
types. When this cannot be guaranteed, the values in the table below 
may be used.2. They are valid when RS6. 


ARNOLD'S TABLE II 





Be—105_ Bs —945 Bu — 10395 
is less than value intable | is less than value in table | is less than value in table 








&=6| f=0 | f=3| &=6 B=3 | 


® 
W 
os 


fi =0 





—328 428 | 1,184 11,880 
+223 1,422 | 2,379 } 43,210 
+875 2,520 | 3,681 82,470 


—176 202 580 , 5,567 
537 964 : 14,130 
890 | 1,366 ,»159 | 24,040 


98 287 2,696 
228 429 5,518 
362 575 8,601 


49 143 é 1,323 
104 202 2,407 
161 262 3,544 


32 95 877 
67 132 1,530 
103 169 2,207 


23 70 655 
48 97 1,119 
75 124 1,597 


19 57 524 
39 77 883 
59 98 1,250 


16 47 435 
32 64 9 728 
49 81 , 1,026 


14 41 373 
28 55 7 619 
42 70 871 


12 35 326 
24 48 5 539 
37 61 | +- 756 


11 32 290 
21 43 4 477 
32 54 668 


10 29 
20 39 
30 49 


—23. 
+ 7. 
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—12. 
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Many tables for G(\c) are available. For example, Czuber’s Table ® 
I gives (x) =1—G(Ac), where =)/V2. 


1 Karl Pearson, Tables for Statisticians and Biometricians, 1914, pp, 78. 79. 
? Prepared by H. E. Arnold. They are obtained from inequalities like (13). 
8 Loc. cit., vol. 1, pp. 437-439. Cf. also Pearson, loc. cit., pp. 2-8. 
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3. SUMMARY 


We have developed three theorems for determining the value of the 
probability P(Ac) that the mean of k elements will differ from the true 
mean by more than \c. In many practical cases the first and simplest 
will be the one used. As stated, its right use depends on the assumption 
that the curve of means (defined in Section 1) may be closely approxi- 
mated! by the first four terms (including the term in ¢5) of Charlier’s 
A-series. This will certainly be the case for the curve of means if it is 
the case for the parent curve from which the sample is drawn. 
Moreover, it is known to be the case for many distributions that arise 
in practice. In case of doubt, one has at least the assurance that 
four terms are better than two, and that, therefore, this theorem 
affords a second approximation to P(dc), the first being given by the 
ordinary Gaussian Tables. 

Theorem II is for use in worse cases, where there is doubt as to the 
validity of Theorem I. The right use of Theorem II depends on the as- 
sumption that the curve of means? can be expressed by the first six 
terms of Charlier’s A-series. It is, therefore, a third approximation 
to P(dc). 

Theorem III is useful for large values of \ and in those other extreme 
cases to which Theorem II does not apply. The author does not know 
of any instances in which the assumptions of Theorem III are not 
satisfied, save only where small samples are drawn from extreme U or 
from very extreme J distributions. He suggests, but cannot guarantee, 
the following rule for practice. It is believed to err, if at all, on the 
conservative side. 

Rule. Try first the corollary to Theorem I. If the correction to 
G(\o), viz.: |G—P|, is less than G/4, and if this would remain true 
were the vavue of ® increased to its maximum value in the interval 
WV2— 5S 2Sr/V2+.5, stop there. If it is greater than G/4, try 
Theorem I. If the correction is now less than G/2, and if this would 
remain true for other values of % chosen as before, stop there. Otherwise, 
try Theorem II. If the correction is now less than G, and would remain 
less than G for other values of 4, and %¢ chosen as before, stop with this 
result. Otherwise, use Theorem III. Also use Theorem III in all cases 
where A>4, and where both A>3 and |®,—3|>k/100. 


Ezample 1. Consider the distribution of incomes * in the United States for the 
year 1918, restricting the attention to the group, 36 million in number, lying between 


'Cf. also foot-note to Theorem I. 

*The question as to whether one might go on in this manner to any number of approximations 
depends on the nature of the convergence or divergence of Charlier's series, a matter which has not 
a finally settled. Cf. Henpersen, Biometrika, vol. 14 (1922), pp. 156-185. 

National Bureau of Economic Research, Income in the United States, vol: 1. 
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zero and $4,000. The mean income for the group is $1,255, s =$638, 6, =2.0, g, = 5.5, 
R=4.3. What is the probability that, if a sample of 50 incomes were drawn from this 
group, the mean of the sample would differ from the true mean ($1,255) by as much as 
$250? 
Here ¢=90.2, \¢=250, \=2.77, 4/V2 =1.96, (rc) =.0056. 
By the corollary 
|G(Ac) — P(Ac)| < (.0359) (.1111) = .0040. 


As this is greater than G/4, we try Theorem I: 
G(Ac) — P(Ac) = (.0042)(—.1111) = — .00046. 


This is numerically less than G/2, and accordingly we look to see what would be the 
effect of moving up and down the table for #, a distance corresponding to a change of 
0.5in z. At most, the number 0.1111 would be increased to 0.15, and as this would 
still leave the correction numerically less than G/2, we stop with the result obtained. 
Hence, approximately, 

P(Ac) =G(Ac) +.00046 = .0061. 


Ezample 2. Using the data of Example 1, let us find the probability that the mean 
of a sample of 25 incomes would differ from the true mean by as much as $500. 

Here ¢=128, Ac =500, A=3.92. According to the rule, since the distribution is 
extreme, we ought to use Theorem III. Since 1+ d?=16.4, the best value of r to try 
first would be r=8, but as Table I goes only to r=6 we will be content with this. 
Interpolating roughly in Arnold’s table, we find that By—10,395< 46,000. Also 
@<38 X10, [(2r+1)/2r]” =2.61. Hence 

56,395 


P(ao)< (2.6) (3.92) = .0021. 


As an illustration of the method, the result will be determined in this case by the 
use of Theorem II also, but as stated it is questionable whether this theorem may 
properly be used here. (Note that 6:—3=k/10.) Since \/V2 =2.77, and G(s) 
=.000 089, 


.0353 1 2.0 5.5 18.49 
Jee) Penis (op) 00+ (SE se) atte + Ge) (4 45)| 


= .000,30. P(As)S.000,4. 


If Theorem I had been used, it would have been found that G(Ac) —P(d0)= 
—.000,075, which emphatically illustrates the error of the current practice of rely- 
ing solely on the Gaussian, for the second approximation indicates that the correct 
answer is nearly twice the value given by the Gaussian. 


4. THE POINT BINOMIAL 


Problem (II). The second and third of the problems proposed in 
Section 1 involve the theory of the point binomial. Using the notation 
introduced there, let gq=1—p. It is known that the answer to the 
second of those questions is found by summing those terms in the 
binomial expansion (p+ q)” in which the exponent of p differs numeri- 
cally from pn by more than (5—}). Due to the difficulty of doing this 
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when n is large, various approximations are customarily resorted to. 
If is small, or if p =q nearly, the Gaussian table is sufficiently accurate. 
If p or q is small and n is large, Poisson’s exponential may be used in 
the intermediate cases (e. g., if p=q nearly, and dis large). It will now 
be shown, that a specialization of Czuber’s theory will be of service. 
Moreover, the method to be developed is sufficiently powerful to give 
better results than Poisson’s exponential in some cases where that is 
now used. Finally, it shows that when, as in the problem we are con- 
sidering, it is a case of summing both tails of the distribution, the 
Gaussian value is often nearly correct in what, at first sight, would 
appear to be bad cases. One of the possible criticisms of Pearson’s x 
test has reference to the impropriety of summing these tails by means 
of the Gaussian. The error in the test, due to this cause, is therefore 
less than is sometimes supposed. 


5. THEORY 
Let ¢=pqn be the standard deviation of the point binomial (p+q)”", 
the class interval being unity. Let \c=5—4, thus determining \ in 
terms of the prescribed deviation whose improbability is to be found. 
By formulae (5) and (6) of Section 2, 
sal v2 
G(de)— P(e) = Se 


(1) 





where now we interpret g(#) as a point binomial which may be repre- 
sented by the first four terms of Charlier’s A-series. In order to cover 
more extreme cases, let us write the corresponding equation when 6 
terms are used: 


G(\s) — P(e) = a (2) 








3 &(d/V2), (ae 2 a 


8 180 12 32 


Now, for the point binomial, 
B-3-—84 1. | 


n npq (3) 
p-1s=— 12410, 5 (5_8)4 | 
n n= npg 


(npq)* 


So, putting t= pq, and inserting (3) in (2), we have, after some reduc- 
tions: 


Ve wie — 
G(\c) — P(X P/V 2), A, B(A/V 2)o 1_1) 2 1] 
[G(Ac) — P(Ao) Jn —, -* = ja(3 +; (4) 


where A= —1+1/6t, B= —1+1/600, and are tabulated below. 


n 
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TABLE III 
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6. SUMMARY 


Theorem IV. If the probability of a success in one trial is p=1—q, 
then the probability that, in n trials, the number of successes will differ 
numerically from the expected number (pn) by as much as an observed 
difference is given by the value of P(X) in equation (4) of Section 5. 


Ezample 3. The probability (p) of dying in a certain year is 3/10. Out of 20 cases 
what is the probability that there will be as many as 13 deaths? 

This is the same as asking for the probability that the number of deaths will deviate 
from the expected number (pn =6) by as much as 7, since there cannot be 6—7=-1 
deaths. We have t=.21, o?=4.2, ¢=2.049, 5=7, \=6.5/2.049 =3.172, 4/V2=2.243, 
,/8 = —.0584, $./32 = —.0645, G(Ac) = .00151s, A = —.206, B= —.622. (G—P)(20) 
= (—.0584) (—.103) +(—.0645) (.0424) = .00328. P(Ac) = .001518 — .000164 = .00135. 
The true value, found by laboriously computing and summing the appropriate terms 
in the expansion of (0.3+0.7)*°, is 0.00128. The value given by Poisson’s series is 
0.0088. The present method, therefore, gives a much better value than either the 
Gaussian or the Poisson series. 
is Example! 4. The relation between price and supply indices was studied over 4 
period of 48 years, 47 changes being noted. In 16 of these cases the indexes moved in 
the same direction, and in 31 in the oppositie direction. How well do these figures 
justify the theory that the two indexes are related? 

If they were not related, then their distribution would be determined by the point 
binomial, (0.5+0.5). We shall find the probability P(Ac) of obtaining by sampling 
from such a distribution as uneven an assortment as 16:31. Our result will furnish us 
with a measure of the probability that the two are not related. We obtain: pq=! 
=.25, pn=23.5, A= —.333, B= —.733, 0? =11.75, 8=7.5, A=2.042. G(Ac) =.04115, 
(G—P) (47) =(—.1185) (—.167)+(.47) (.0019) =.0206. Hence G—P =.000456, and 
P(Ac) =.0407. As might have been expected, the value is nearly the same as the 
value of G(Ac). 


King’s coefficient of correlation (—.56) is not very useful in a prob- 
lem like this because the information it furnishes is vague. His judg- 
ment is that the number, —.56, indicates ‘only a moderate degree 
of inverse correlation,’ which statement presumably indicates in turn 
that there is only moderate ground for the inference that there 1s 4 
causal connection. Now, in fact, there is exactly as much ground for 


1 King, Elements of the Statistical Method, 1911, p. 210. 
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such an inference as there would be if 31 out of 47 coins tossed fell 
heads, as may be seen immediately by a glance at the data. It does 
not add anything to know that this “coefficient” is—.56, unless one is 
told also what this coefficient means. On the other hand, it does add 
something very definite to learn, as above, what the value of the 
probability in the coin problem is. The same remark may of course 
be made about any coefficient of correlation in so far as it is used to 
measure the probability of cause. It is always better to find the 
value of the probability if possible. It is not enough to know that 
such a coefficient is zero when the probability of cause is zero and +1 
when the probability of cause is 1. This does not in itself make the 
coefficient a simple measure of the probability, unless the intermediate 
variation is proportional to the probability, which is certainly not the 
case in most instances. 


7. DIFFERENCES IN PROPORTIONS 


Problem (III) of Section 1 may be stated as follows. Consider the 


four-fold table: 
TABLE IV 











First sample 
Second sample 




















This indicates that, of the n’ elements in the first sample, the number 
p'n’, i. e., the proportion p’, have the characteristic a, and that, of the 
n” elements in the second sample, the number p’’n’’, 7. e., the propor- 
tion p”, have the characteristic a. What is the probability that, in 
sampling from a universe in which the true proportion is p=(p’n’+ 
pn") /(n'+n"") as great a difference as | p’—p’’| would be found? 


8. THEORY 


In making samples of n’ elements, the distribution of the propor- 
tions obtained is given by the terms in the point binomial (p+q)”. 
Let the corresponding function be f(x’), where the origin is at the 
mean of this distribution, and the interval between the ordinates is 1/n’. 
Its parameters are: (if t and A have the same significance as in Section 
5) s2=t/n', By’ =(p—q)*/n't, B’2=3+6A/n’, etc. Similarly, if g(x’) 
corresponds to the binomial (p+q)n”, s’’=t/n”, By’ =(p—q)*/n"t, Bo” 
=3+6A/n”, etc. Let F(x) describe the distribution of all the dif- 
ferences x = +(z’—z’’) which could be obtained by drawing an element 
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x’ from f, and element x” from g, and subtracting one from the other. 
Its characteristics may be obtained from the following formulae, which 
can be easily proved and hold whether the distributions f and g are 
point binomials or not. Let the moments of f be my’, m’s, m’s, — 
the moments of g be m”;, m’’s, ms, . . . , and the moments of 
F be Mi, M2, Ms, . . . . Then 
Moy-1 _ 0, M2, - mo — Com op_ ym"; 

tee 6 Cag P nym! pa m!'sy (1) 
where C’, signifies the number of combinations of 2r things taken i 
at a time, and r= 1,2,3, . . . Hence, if the 6’s for F(x) be de 


noted by B’s, 
r=(3+3) 
n' on 


B,=0 
1 


13 
are etc. 
Gt) 


To save detail, only so much of the reasoning will be reproduced here as 
is necessary to establish (3) below. To prove (4) it is necessary to use 
much longer expressions for the sixth moments and for By. Substitut- 
ing (2) in (6) of Section 2, we have 

1 1 
An's, ni, 


37i,i¥ 
Ga) 
ni on 


and this, substituted in (5) Section 2 gives, if 5=Xo, and A is as in 
Section 5: 





4 , etc., 


/9 / 47 
Giie)— PQs) a4 S0/¥2) atta” (3) 
2 ~ nen'n" 





This formula is sufficient for most purposes. The more exact formula 
obtained by using sixth moments is: 


G(Ac) — P(Ac) = 4 [ Rete ® Ge = Mths (3) 
2 L(hithe)? 8 (hy +he)? (hy+-he)?/ \32 


Dz 1 (2 )( ) (3 30 ) 
- ew lh} ee, = wom ale 
+ 30 1800u+ ha) t ths) }+ 2 ft 


20 1 1 
(is +h) - 7 (pi— G1) (P2— qe) was | where hi= ai? h.= ni! (4) 
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9. SUMMARY 


Theorem V. If the curve giving the distribution of differences be- 
tween two proportions obtained by sampling can be described by the 
first four terms of Charlier’s A-Series, then the probability of a differ- 
ence in these proportions as large numerically as an observed difference 


sis given by P(Ac) in (3) of Section 8, where 5=)a, on( t+ a) 
n 


n”’ 


t=pq and the notation is further described in Section 7. 

Theorem VI. If the curve of Theorem I can be described by the 
first six terms of Charlier’s A-series, the result is given by P(Ac) of (4) 
Section 8. 


Ezample 5. Of 500 patients suffering from a certain disease, 100 are selected at 
random for special treatment. Of this special group 2 die. Of the remaining 400 
patients 48 die. What is the probability of a difference as great as this occurring as a 
result of simple sampling? 

TABLE V 








Deaths Survivals 





Special treatment 2 98 100 
General treatment 48 352 400 


450 500 




















1 1 


100 * 400 
10 ~ 
d=, = 2.98, /4/2=2.11, A=.852, G(drc)=.002,884. By Theorem V 


Bere p=.1,¢= 9, =.00, =.00( 2; +2) =.001125, o=.0894, = 02 12|=.10, 


03354 


G(\c) — P(Ac) = (.426) (—.082) eee 


ees GE am J . So P (do) =0. . 
500",100.400 000, 23. So P (Ac) =0.0031 
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OCCUPATIONAL INCIDENCE OF LABOR MOBILITY 


By Pavut F. BrissENDEN, Columbia University 


Most studies of labor instability have attempted to make some dis. 
tinction as to the rapidity of labor change between different industrial 
groups. Textile mills have been compared with machine shops and 
street railways; boot and shoe factories with sugar refineries. Within 
individual establishments, the turnover records of the various plant de- 
partments have been thrown alongside each other to ascertain where 
the heaviest, and lightest, incidence of turnover occur. Similar com- 
parisons have been made between the broad categories of skilled and 
unskilled, male and female, workers. The employment records of 
most industrial enterprises, however, are not sufficiently specific to 
enable one, without great difficulty, to make even such relatively 
simple comparisons as these. To be sure, it is quite common now to 
find factory turnover records kept on a departmental basis and this, of 
course, greatly lessens the difficulty of making turnover comparisons 
between the departments. But departmental records do not usually 
throw much light on differences in stability between skilled and un- 
skilled, or between male and female workers. Such departmental 
records sometimes throw an incidental light upon the problem of the 
relative stability of different occupations. More commonly, however, 
the departmental classification gives no hint of the occupational com- 
position of the departments, which are set up, of course, for purely 
administrative purposes. 

In the recent turnover investigations of the United States Bureau of 
Labor Statistics one or two concerns were reported which kept these 
records in such form that the turnover could be shown on a genuinely oc- 
cupational basis. An occupational comparison for one of these plants 
already has been published.! Another of the concerns whose records 
admitted of an occupational analysis of the turnover is a factory de- 
voted to the manufacture of agricultural implements. The employ- 
ment records of this factory are analyzed in the following pages. 

This concern, which is located ir a small western town, employed, at 
the time of the investigation, about 2,200 workers, over 90 per cent of 
whom were males. The factory operated, for the most part, on 4 
weekly time basis of six days of eight hours each. The machine shop 


1 See pp. 76-77, 108-109 of Brissenden and Frankel’s Labor Turnover in Industry, which interprets 
the results of the Bureau’s investigations of labor turnover. 
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and the foundry ran on a somewhat less regular schedule, a night shift 
in the machine shop, for example, working each week, four nights for 
ten hours and one night for eight hours. The products manufactured 
are caterpillar tractors, combined harvesters, plows, etc. 

The employment records showed, with unusual precision, the occupa- 
tions of the different employees, as well as the operating departments to 
which they were assigned. Complete attendance records made possible 
an accurate calculation of size of the work-force in successive pay 
periods, so that the amount of “‘exposure”’ to turnover readily could be 
worked out for use as a base in computing the rate of labor change in 
different occupations. These records were put on this comprehensive 
basis on January 1, 1918, and the figures given in this article relate, 
primarily, to the six-months period following that date. During this 
half year a running record was kept in the employment office of the oc- 
cupation of each person hired or leaving and, in the case of those leaving, 
of the circumstances under which each one of them left, 7. e., whether 
he resigned or was laid off or discharged. 

The size of the work-force in the chief operating departments at the 
beginning and end of the six-months period is shown in Table I. 


TABLE I. 


CHANGES IN THE WORKING FORCE DURING THE SIX MONTHS PERIODS, BY SEX 
AND PLANT DEPARTMENT 








Average number of full time workers for week 

ending nearest Per cent of in- 
crease (+), or 
decrease (—) 





Department January 1, 1918 July 1, 1918 





Male | Female | Total Female Female 





General management, 
643 
344 
656 


239 
2,216 



































. It is evident that the work-force underwent a slight decline during the 
six-months period. This decline was shared by three of the four factory 
departments, the slight increase in the machine shop being due to the 
addition of nineteen women to its personnel. The store and office de- 
partment almost doubled its complement of female employees, the male 
employees in that department undergoing a reduction of 6.5 per cent in 
number, 

3 
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The more important facts of the turnover record for the work force as 
a whole, for the six-months period, are presented in summary form in 
Table II. 


TABLE II 
LABOR MOBILITY AND NATURE OF SEPARATIONS IN THE WORK FORCE ASA WHOLE 


— 








Percentage dis- 
Number tribution of |_| Rate per full-time 
separations worker 





Number of workers 
Number of hours worked 
Se tions: 
ischarged 
Entered military service 























The “‘number of (full-time) workers,” in Table II and the other tables 
following, is based on the daily attendance records. The number of 
labor hours is obtained by multiplying the number of workers by 1,232, 
which is the number of hours in the 154 eight-hour days the plant was 
in operation during the six-month period covered by the investigation. 
The “full-time worker”’ is taken to be an employee who has worked 
3,000 hours. It is meant to represent one year’s turnover—exposure 
time for a fully employed worker. (The term “full-year worker” might 
be used in place of “full-time worker,” even in this article where the 
period covered is not a full year.) The “rates per full-time worker” 
are obtained by dividing the number of labor changes of each particular 
kind by the number of labor hours worked, and multiplying the result 
by 3,000. It is evident that this method puts the labor change rates on 
an annual basis. Thus, we would say, e. g., that, during the six-months 
period, quitting took place at an annual rate of 2.49 per full-time worker. 
If this quitting rate be multiplied by 100 we have 249, the percentage of 
quits. The shrinking size of the plant is reflected in the excess of 
separations over accessions; in such circumstances the replacements 
evidently are measured by the accessions. The accession rate in Table 
II is starred to indicate that it is also the replacement (or turnover) 
rate. This rate—2.70 per full-time worker—multiplied by 100 gives 
“turnover percentage” of 270, which is about what would be expected 
if, with the average number of workers remaining the same, the number 
of accessions had continued through the whole year at the same rate a8 
the record shows for the first half of the year. It is thus evident that 
the rates per full-time worker given in these pages may be read as turn- 
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over (or replacement) percentages simply by omitting the decimal 
point. The methods of computation here explained will be understood 
to apply to the other tables which follow unless some specific explana- 
tion is made to the contrary. 

The labor changes which took place during the half-year are classified 
in Table III, according to the occupation of the worker involved in the 
change. 

The number of labor hours, as in Table II, is obtained by multiply- 
ing the number of workers (average daily attendance, in this case) in 
each occupation by 1,232, the number of hours in the 154 eight-hour 
days the plant was in operation during the period. 

It is apparent that in almost all occupations the great bulk of the 
separations were quits. The chief exceptions are laborers, helpers, 
molders, pattern makers, pipe fitters and watchmen, in each of which 
occupations an uncommonly large proportion were discharged. Turn- 
ing to the rates of change, it appears that the maximum quitting rates 
are among hand truckers and “heat treating operators” and the 
minimum quitting rates among bolt-headers and solderers. Those dis- 
charged most rapidly were pipefitters. But the total number of pipe- 
fitters is so small that it is doubtful what significance, if any, attaches 
to the rates. Indeed, this case is typical of a number of others in this 
and the following tables. A number of the occupations are represented 
by too small a number of workers to justify drawing any conclusions 
respecting their stability, either relative or absolute. 

An important measure of the stability of plant personnel is to be 
found in the classified length-of-service figures for employees who leave 
during any given period and, to a less extent, in the corresponding fig- 
ures for employees remaining in active service at any specified date. 
Table IV presents, in summary form, the length of service records of the 
employees of our implement factory for the first half of 1918. 

The figures in the column headed “active” represent the number of 
employees on the payroll June 30, 1918, who had served each specified 
period. The figures in the next column classify those who left during 
the six months ended June 30, 1918, according to the length of their 
service. The crude rates of separation are computed by dividing the 
number of separating employees in each group by the number of labor 
hours worked by the whole work-force during the six months period and 
dividing the result by 3,000. The corrected rates are obtained by di- 
viding the crude rates in each group by the approximate number of 
weeks in the respective groups, the purpose of the correction being, of 
course, to adjust the rate downward to counteract the upward spread of 
the time interval through the successive service groups. Thus, a rate 
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TABLE IV 


LENGTH OF SERVICE DISTRIBUTION OF EMPLOYEES ON PAYROLL AT END OF 
SIX-MONTHS PERIOD (“ACTIVE” EMPLOYEES) AND OF THOSE WHO LEFT 
DURING THAT TIME (“SEPARATED” EMPLOYEES) 








Number of employees} Rate of separation 
who had served con- |(per full-time worker) 
Gomsy each speci- jof employees who left 


Length-of-service period period during six months 





Separated |Crude rate Guat 





One week or less 

Over one week to two weeks 

Over two weeks to one month 

Over one month to three months................. 
Over three to six months 

Over six months to one year 

Over one year to two years 

Over two years to three years 

Over three years to five years 

Over five years 305 


2,322 2,669 


"-" "S2sske 























* The corrected rates are obtained by dividing the crude rates in each group by the approximate 


number of weeks in the respective groups, as follows: 
One week or less 1 Over three months to six months 
Over one week to two weeks Over six months to one year 
Over two weeks to one month............ 2 Over one year to two years 
Over one month to three months 9 Over two years to three years........... 
Over three years to five years 104 
> Less than .005. 


of 0.46 during an interval of two weeks is equivalent to a rate of 0.23 
for the uniform, one-week interval of the last column. 

The salient fact brought out by these summary service figures is that 
a disproportionately large share of the turnover is to be attributed to 
those employees who worked less than a month, and, particularly to 
those who worked less than a week. The relative responsibility of the 
different service groups is most faithfully represented, probably, by the 
scale of separation rates in the last column. Large concentrations of 
the turnover in the “floater” groups are also made evident by using (a8 
is done in Table V) a percentage distribution of the absolute numbers in 
the first two columns of Table IV. Such percentage figures would show 
that 10 per cent of the separated employees were in the minimum length 
of service group, whereas only 2 per cent of the active employees were 0 
that group. Conversely, at the long-service end of the scale large pro- 
portions of active and very small proportions of separated employees 
appear. Thus, only 1 per cent of the separated employees had served 
over five years, while 13 per cent of the active employees had served 
over that length of time. 

A comparison between the clerical-administrative and the factory 
personnel, on the basis of a length-of-service tabulation like that of 
Table IV is made in Table V. 
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TABLE V 


COMPARISON OF STABILITY OF THE CLERICAL AND ADMINISTRATIVE AND 
FACTORY OPERATING PERSONNELS 
Based on length-of-service records of employees on payroll at end of 6-months period (“active” em- 
ployees) and employees leaving during the same period (“‘separated” employees 








Number of employees 
who had served con- Per cent 
tinuously each speci- distribution Corrected separation 


Length-of-service period fied period rate per full-time 
worker in each group * 





Active Separated; Active Separated 














Clerical and administrative personnel 





One week or less 13 
Over one to two weeks 11 
Over two weeks to one month 18 
Over one month to three 


Over three months to six 
months 

Over six months to one year 

Over one to two years 

Over two to three years 

Over three to five years 

Over five years 























One week or less 

Over one to two weeks 

Over two weeks to one month 
Over one to three months .. . 
ver three to six months. . .. 
Over six months to one year 19 
Over one to two years 22 
Over two to three years 9 
Over three to five years 5 
Over five years 12 


1,618 2,518 100 3.55 


























* Based on 609,840 labor hours worked by clerical personnel and 2,130,128 labor hours worked by 
Teiary operating personnel and corrected by dividing & the number of weeks in period, as indicated in 
le IV. 
> Less than .005. 


In both groups there is evident a decided concentration of turnover in 
the shorter length-of-service groups. It is appreciably greater, how- 
ever, in the factory than in the clerical group. The wide difference in 
stability between the two groups is best shown by the corrected separa- 
tion rates in the last column. There is evident in the factory group not 
only a greater concentration in the short-period groups; there is also at 
all points in the service scale a much higher frequency of separation. 
In the six-months-to-one-year group the rate of separation of the 
factory workers was twice, and in the one-week-or-less group six times 
the rate of separation in the corresponding groups of clerical workers. 
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A more detailed departmental subdivision of the factory personnel 
was made the basis of a length-of-service analysis of those employees 
who were on the payroll on June 30. This classification showed sepa- 


TABLE VI 


PERCENTAGE DISTRIBUTION IN EACH OCCUPATION OF EMPLOYEES IN SPECIFIED 
OCCUPATIONS WHO LEFT DURING THE SIX-MONTHS PERIOD CLASSIFIED 
ACCORDING TO LENGTH OF CONTINUOUS SERVICE 








Percentage distribution ® 





Occupation 


to six months 
ver six months 
to three years 
full-time worker 


One week or less 
Over one week 
to two weeks 
Over two weeks 
to one month 
Over one month 
to three months 
ver three months 
to one year 
ver one year 
to two years 
| Over two years 
Over three years 
to five years 
Over five years 
Flux rate per 
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Driver, electric truck 
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Machine operator, specialist 
Milling machine hand 
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Molder, iron, floor, machine, bench 
Operator, heat treating 
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® That is to say, the proportion of the number leaving in each occupation who had 


fied period. 
v os than one half of one per cent. 
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rately the length-of-service records of the following six major ad- 
ministrative subdivisions of the plant: clerical and administrative, 
foundry, machine shop, forge and caterpillar, and mill, plow and 
harvester divisions. The percentage distribution figures, in this de- 
partmental classification, indicated relatively low stability for the 
foundry and machine shop, in which departments a much smaller 
proportion of the employees had worked over five years than was the 
ease with the office force and the other two factory divisions. The cor- 
rected service rates per full-time worker showed, in the case of all five 
divisions, the same distinct concentration of responsibility for turn- 
over among employees in the shorter service groups. As before, the 
foundry and machine shop, on the evidence of the crude rates for the 
long-service periods and of the corrected rates for the short periods, 
compare somewhat unfavorably with the other departments. 

Detailed length-of-service percentages, classified by occupations, are 
shown in Table VI for the employees who left during the period covered. 
For each occupation there is given the proportion that had served each 
specified period. The figures in the short-service groups indicate that 
hand truckers, drill hands, watchmen, welders, rivet heaters, and 
holders on were the more noticeably unstable (or high turnover) oc- 
cupations. This is confirmed by the almost complete absence of em- 
ployees of these occupations from the two maximum service groups. 
The most stable occupations in this factory appear to be boring machine 
hands, machine operators, machine specialists, chain and radiator 
builders, clerical and administrative employees (office and stores) and 
assemblers. These differences in stability are fairly well confirmed by 
the flux rate figures in the last column. It should be noted once more 
that in Table VI and in the other occupation tables as well, some of 
the occupations are represented by so few employees that the resulting 
rates or percentages have no significance whatever. For example, it is 
manifestly absurd to say that the occupation of bolt header is an 
especially stable one because only one of this plant’s nine bolt headers 
left during the first half of 1918 and because that one bolt header had 
worked between 3 and 6 months. But, with records for 149 common 
laborers, there is some justification for concluding, on the basis of the 
data of Table VII, that the occupation of common laborer is one in 
which turnover is unusually high. 

The rank of the different occupations in the order of their respective 
replacement (or turnover) rates is indicated in Table VII and the 
accompanying chart. 

_The replacement rates are the starred items from the “total acces- 
sions” and “total separations” columns of Table III. Once again the 
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TABLE VII 


RANK OF OCCUPATIONS IN TERMS OF ANNUAL REPLACEMENT RATE PER 
FULL-TIME WORKER 





Replecement (or 4 Replacement rate. 
OCCUPATION 





Rate 3 4 5 6 











Bolt header,bolt machine hand 
Solderer 

Boring machine hand 
Saxyer 

Shearsman 

Machine operator,specialist 
Crane operator, electric 

Gear cutter 

Punch & Hydraulic press op'r. 
Clerical (Cen'l.Office & Store) 
Builder, chain & radistor 
Core finisher 

Ropair man 

Assembler 

Blacksmith 

Planer 

Coremaker 

Inspector 

Pattermmaker 

Millwright 

Grinder 

Washer 

Velder 

Lath hani 

Electrician 

Driver, electric truck 
Rivet heater, holder on 
Milling machine hani 

Pipe fitter 

Riveter hand 

Babbiter 

Sheetmetal worker 
Vatchmen 

Foreman, sub-foreman 

Ali ipat ions 

Tester, motor 

Molder, iron, floor, machine, 
Carpenter 

Clipper 

Miscellaneous Shop employees 
Bench hand 

Tool maker 

Laborer 

Helper 

Painter 

Drill hand 

Operator, heat treating 
Trucker, hand 
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warning is due that those occupation rates which are based upon only # 
handful of workers are probably not significant. Most of these occur 
at the extreme ends of the array in Table VII, this position being due, 
quite possibly, to the smallness of sample. Even if these extreme 
items be disregarded, there is evident a very wide range of occupational 
variability in respect to turnover. In general the stability rank of the 
various occupations bears out the results shown by the length-of- 
service record in Table VI. For all occupations combined there were, 
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during the six months covered, 2.70 job replacements for each full-time 
worker, but among the 9 bolt machine hands job changes occurred at 
the rate of only 0.27 replacements per full-timme worker, while at the 
high-turnover end of the scale, among the hand truckers, the rate of 
replacement was 8.73 per full-time worker. This means that, on the 
average, replacements took place in the work force as a whole at the 
rate of nearly 3 a year per worker employed; among bolt machine hands, 
at the rate of about 1 in four years (3 of a replacement a year) per 
worker; among hand truckers at the rate of nearly 9 replacements a 
year per worker employed. During the half-year period there were, for 
all occupations, 14 replacements per (full-time) worker; for bolt ma- 
chine hands, } of a replacement per worker; for hand truckers slightly 
more than four replacements per worker. 

Monthly figures showing the numbers of accessions and separations 
for (1) the factory operating personnel and (2), the administrative and 
clerical personnel, were available from January, 1918, to December, 
1919, inclusive. The rates per full-time worker, so classified, are pre- 
sented in Table VIII. 

The figures representing the absolute number of labor changes month 
by month, as well as the monthly data showing the number of labor 
hours put in, are omitted from Table VIII because of lack of space. 
The rates have been computed, as already explained, by dividing the 
actual number of labor changes, of each kind, in each month and plant 
division, by the number of labor hours worked in that month and 
division and multiplying the quotient by 3,000. The number of labor 
hours for each month is calculated by multiplying the number of full- 
time workers employed each month in each plant division by the num- 
ber of days the factory was in operation during that month.’ In Janu- 
ary, 1918, for example, there were 299 accessions in the factory operat- 
ing department. The number of full-time workers was 1,722. The 
plant was in operation twenty-six days of eight hours. The accession 
rate of 2.52 per full-time worker, shown in Table VIII for that month 
and division, was derived as follows: 


299 
26 X8 X 1,722 


1 The number of 8-hour days that the plant was in operation during each month of each of the two 
years was as follows: 





X 3,000 = 2.52 


1918 1919 
Jan. 26 July 26 Jan. 26 July 
Feb. 24 Aug. 27 Feb. 24 Aug. 
Mar. 26 Sept. 26 Mar. 26 Sept. 
Apr. 26 Oct. 27 Apr. 26 Oct. 
May 27 Nov. 26 May 27 Nov. 
June 25 Dec. 26 June 26 Dec. 
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It is evident that in almost every month of the two-year period the 
factory operating personnel was much more unstable than the office 
personnel. The fluctuations in turnover were wide, especially in 1919, 
but the two groups fluctuated together, for the most part. That is to 
say, when the separation rates of clerical employees increased, the 
corresponding rates for factory workers also increased, although the 
latter rates fluctuated on considerably higher levels. For both groups 
and, consequently, for the work force as a whole, a very substantial 
reduction in rate of labor change—an improvement in stability—was 
accomplished. 

The most important single rate of labor change is, no doubt, the re- 
placement (or turnover) rate. In Table IX this rate for both the 


TABLE IX 


LABOR REPLACEMENT IN FACTORY OPERATING FORCE AND ADMINISTRATIVE 
AND CLERICAL FORCE COMPARED, BY MONTHS, 1918 AND 1919 








Rate of replacement per Relatives of replacement 
full-year worker rates (Index of turnover) 


Month and year 





Factory Clerical Factory Clerical Total 





1918 


February. . . 
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factory and clerical groups, has been assembled from the accession and 
separation rate columns of Table VIII, where it is identified, in each 
case, by an asterisk. In addition index numbers of turnover have been 
computed for each month, using the January, 1918, rates as base. The 
index numbers show a reduction in turnover during the two-year period, 
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from 100 to 35, or 65 per cent, for the factory groups, and from 100 to 
48, or 52 per cent, for the clerical group. The greatest improvement, 
then, took place in the factory personnel, which was the group which 
we have seen stood most in need of improvement in this respect. 
Naturally some allowance must be made for seasonal variation, espe- 
cially since the end of the calendar year appears to be a period in which 
the labor mobility is lower, in this factory at least, than the average for 
the year. The spring months, it will be seen, are, in both years and in 
both the factory and clerical groups, months of maximum, or near 
maximum, turnover, another high period being the early fall.' Despite 
these seasonal variations, it is evident that there was great improve- 
ment in this factory during the period under discussion. In the case of 
both factory and clerical groups the replacement rates for November 
and December of 1919 are much lower than the corresponding rates for 
1918. For all months combined, and for the work-force as a whole, the 
replacement rate was, for 1918, 2.22, and for the following year 1.11, 
per full-year worker, which is to say that this concern cut its turnover in 
half in two years. 


1 This tendency to high turnover in spring and fall seems to be fairly general. It is brought out inthe 
official report of the turnover investigations made by the U. 8S. Bureau of Labor Statistics. ‘“ Mobility 
of Industrial Labor.” Monthly Labor Review, June, 1920, p. 50. 
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A METHOD OF HANDLING MULTIPLE CORRELATION 
PROBLEMS 


By H. R. Toutey ann M. J. B. Ezexre., 
Bureau of Agricultural Economics, U. S. Department of Agriculture 


In analyzing results affected by » number of different variables, the 
method of partial correlation is almost the only one in general use that 
gives valid and definite quantitative results. For cases of straight-line 
relationship this method reveals both how closely any one individual 
variable is correlated with another, and also how much change in the 
one is associated with a given change in the other, the effect of all other 
variables being held constant. In the natural and biologic sciences this 
end is usually accomplished by experimental methods, holding all ex- 
cept one causal factor constant and varying the single factor under 
study. Experimental study can be used only infrequently in economic 
research, while it is practically impossible to find a series of economic 
conditions static for all except a single pair of variables. For this 
reason, economic research has practically always consisted of observa- 
tions and measurements of the conditions of actual economic life and 
depended on statistical method to determine the quantitative effects of 
the different variables. 

The method of partial correlation thus offers a much needed tool to 
the student of economics. However, when a problem is being studied 
in which a large number of variables is concerned, it has usually been 
physically impossible to carry through all the necessary steps of a com- 
plete partial correlation analysis by the methods ordinarily followed. 
For example, the determination of all the net coefficients of partial 
correlation between each pair of 20 variables, holding 18 constant in 
each case, would require the computation of thousands of intermediate 
coefficients. Furthermore, much of the work would have to be carried 
out to a great many decimal places in order to have the final result ac- 
curate—probably something like one additional decimal place for each 
variable involved. For these reasons, such studies have usually been 
restricted to problems involving relatively few variables. 

This paper presents a method of computing the coefficients of net 
partial regression and net partial correlation and the coefficient of 
— correlation which much shortens the necessary arithmetic 
work, 
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MATHEMATICAL BASIS OF THE METHOD 


Yule’s development of the method of partial correlation ! shows its 
dependence on the least-square method of ‘“‘fitting”’ linear equations to 
the data of several variables; while Kelley in his first paper on partial 
correlation ? has a very suggestive diagonal table of gross correlation 
coefficients, with a method outlined for obtaining the final regression 
equation by a series of approximations. 

The problem can be approached directly from the standpoint of 
determining the constant term a and the coefficients, biy..., 
biz.24.--n, 014.23... -n, etc., in the “estimating” (or regression) equation 
of the form, X;=a+bi234. . -n X2+big.o4. . -n Xst+b14.93. . .n Xat...(1) 
so that for any particular record or observation, the equation will come 
most nearly to giving the recorded or observed value of X;, when the 
corresponding recorded or observed values of X2, X3, X4, etc., are sub- 
stituted in the equation. 

If the constant term and coefficients are determined by the formation 
and solution of ‘normal’’ equations as indicated in texts on the method 
of least squares,* the values will be identical with those obtained when 
the ordinary partial correlation methods are used. 

Or, using the terminology suggested by Kelley, the solution of the 
normal equations gives the constant “‘a,” and the weights, bj. 34. .»; 
bi3.04- -n, 014.23. -n, etc., to be applied to each of the independent varia- 
bles X, X3, X4, etc., in a record to obtain the best approximation to 
the dependent variable, X;. 

The method here outlined is essentially to consider each record as an 
observation equation of the form: 


X1=a+by2.34. -n X2t+i3.04- -n Ks t+034.03- -n Xat 


In which X,, X2, X3, X4, etc., are the known quantities and a, by234--», 
etc., the unknown quantities to be determined. For instance, in 4 
study of the relation of fertilizer, cultivation, and spraying to the yield 
of potatoes, one record showed a yield of 200 bushels per acre, $50 worth 
of fertilizer per acre, 3 cultivations, and 2 sprayings. The observation 
equation for this record was: 


200 = a+ 50bj2 34+3013.04 +2014 23 


There is one such equation for each observation or record, and it 
practically all statistical studies there will be more equations than un- 


1 Yule, G. U., An Introduction to the Theory of Statistics, Sixth Edition, pp. 234-235, J. P. Lippincott 
Co., 1922. 

2 Kelley, Truman L. Tables: To facilitate the Calculation of Partial Coefficients of Correlation and Re 
gression Equations, Bul. 27, University of Texas, 1916. 

® Merriman, Mansfield, Method of Least Squares, John Wiley & Sons, 1903; Weld, LeRoy D., Theory 
of Errors and Least Squares, The Macmillan Company, 1916. 
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known quantities. In such cases, no one set of values for the un- 
knowns can be found which will exactly satisfy all the equations, and 
the problem becomes one of finding that set of values which most nearly 
satisfies all the equations. If we assume that the set of values which 
most nearly satisfies all the equations is the set of values which makes 
the sum of the squares of the residuals a minimum, the values of the 
unknowns can be found by the formation and solution of the normal 
equations mentioned above. 

The normal equations! formed from the observation equations are 
of the form: 

S(X; )=Na +S(Xe2_ )bie.sa..n+S(Xs — )bis.24..n+S(Xe  )dia-23. 2 + 
S(X:X2) =S(X2)a+S(X} __)bia. a4. .n +S(X2 Xs)bis.24. .w +S(Xo Xadra.23. 2+ (3) 
S(X:X3) =S(Xs)a+S(Xe Xs)bi2.s4..m+S(XZ —)dis.24. wn +S(Xs Xa)dia.23. 2+ 
8(X,X 4) =S(Xs)a+S(Xe Xa)die. se. .n+-S(Xs Xa)bis.24. .m+S(XZ — )bia-23. n+ 

There are as many normal equations as there are unknown quantities 
(a, bio. 34. -n, etc.), to be determined, and they are solved as ordinary 
simultaneous equations to obtain the required values of a and the b’s. 

It will be noted that the S(X¢2) is the coefficient of bj. 44. ., in Equa- 
tion 1, and also of a in Equation 2; that S(X;3) is the coefficient of 
bi304--, in Equation 1; is the coefficient of a in Equation 3, etc. In 
fact, if the coefficients were arranged in a table of rows and columns, the 
first row would be identical with the first column, the second row with 
the second column, and so on throughout the table. This symmetrical 
property of the coefficients makes possible special methods of solving 
the equations which reduce the labor considerably below that involved 
in general methods.? 

It is also seen that these coefficients are the product-sums of each 
pair of variables and the sum of the squares of each variable; that is, 
they are quantities which would be obtained in the computation of the 
gross coefficients of correlation, if zero were used as the origin.* 

If so desired, the normal equations can be formed by using the 
product sums and the sums of squares of deviations from the mean 
instead of absolute numbers. When a regression equation is written 
in terms of deviations from the means of the variables, the constant 
term disappears. Similarly, when the normal equations are formed by 


‘For the theory of the formation of normal equations the reader is referred to the text-books on least 

* Adams, Oscar 8, “Application of the Theory of Least Squares to the Adjustment of Triangulation”: 
Special Publication No. 28, U. 8S. Coast and Geodetic Survey; Wright, Thos. W. and Hayford, John Fill- 
more, Adjustment of observations by method of least squares with applications to geodetic work: Van Nos- 
trand, New York, 1906, 2d ed. 

* Harris, J. Arthur: “The Arithmetic of the Product Moment Method of Calculating the Coefficient 
6f Correlation, Amr. Nat., Vol. 44, pp. 693-699, 1910; Phillips, F. M.: “Short Method of Obtaining a 
Pearson Coefficient of Correlation and Other Short Statistical Processes,” Monthly Weather Review, Vol. 
50, No. 120, pp. 854-859, December, 1917. 
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using deviations from the means, there is one less equation than when 
absolute numbers are used, and the solution of the normals gives only 
the values of the net regression coefficients. 

The relation between normal equations made up from absolute num- 
bers and those made from deviations from the means is as follows: 

In the observation equation (2) substitute for the absolute numbers 
Xi, X2, X3, Xu, etc., their values, 71+ Ai, %+As2, F3+As3, ry4+Ay, etc., 
where 2, 22, 3, 2%, etc., are deviations of the respective values from 
their means A;, Az, A3, Ay, etc. The equations then become of the 
form: 2)+A1=a+b}2 34. -n(%2+A2) +13,24- -n(Zs-+As) +1493. - n(Za+Ay) 


+etc. (4) 
The normal equations (3) then become: 
S(21+A1) =Na +S(x2+As)dis. 4. n 
+S(xs+As)bis.24. .n +S(r4+Aa)dis.23. on + 


S[(a1 +A) (42 +As)] =S(a2+A2)a+S(a2+A2)*bis. 34. 0 
+S[(x2+Az)(23+As) |bis.24. .n+S[(22+As2) (24 +A) ig. 23. n+ 


S[(21+A1) (2s +As)] =S(as+As)a+S[(23+As) (12 +A) |bis. a4. « 
+S(x3s+As3)*bis. 24. .n+S[(rs+As)(ta+Aa)]br4.23. 2+ 


S[(11 +A) (Za t+Aa)] =S(eat+Aaat+S[(t4+A,4) (22+As) Jbis. 34. on 
+S[(ra+A4) (2s +As) ]bis.24. .n +S(24+Aa)*Oi4.23. 2 + 


But S(2,:+A1) =S(x1) +N Az, and S(2:) =0, since it is the sum of the 
deviations of the series of X,’s from the mean of the series (A;). Thus 
this sum and all similar ones appearing in the normal equations can be 
replaced by N.Ai, N Az, etc. 


Also, 
S(ae +Az:)? = S(2x%- +2Aox +A?) = S(x%) +2A>2 . S (x2) -t NA*% = S(x2)? + NA 2, 


the term 2A;2-S(z2) disappearing because S(z.)=0. All the sums of 
squares appearing in the normal equations can be put into similar form. 
Also, 


S(21+A1) (t2+A2) =S(21t2+ Arta + Aot +ArA2) =S(2122) +Ai+ S(x2) +A2S (11) + 
NA,A2=S(222)+NAiAz2, since S(x,) =0, and S(z2) =0. 


All the product-sums in the normal equations can be put into similar 


form. 
The normal equations then take the form: 


NA =Na +NAobis. 34. .0 
+NAsbis.24. .n +NAgbig.23...n+.. 


S(a22) +N A1A2 = NAza+[S (22)? +N A*a|bis. 24. 0 


+[S(aers)-+NA2As)]bis.24. .n+[S(2er4) +N A2A aldia-23. n+ -- 
S(azs) +NAiAs=NAsa4+[S (xors) +N A2As)]biz. 24. .0 
+[S(x3)?+NA?*s]bis. 24. n+[S (rsx) +NA3Aalbia.23. ot.. 
S(t +NAiAc=NAa@+[S (at) +NA2A,) biz. 4. .0 . 


+[S (rsx) +NA;3A,lbis -24- .nt+[S (x4)? +NA* |b +23-- 
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S(222) 
a ’ 


If each equation is divided by N, the mean product sums 


S(z*,) 
N 


etc., expressed as py, etc.; and the mean sums of squares , etc., 


expressed as 0%, etc. (7. e., the squares of the standard deviations) ; 
the equations take the form: 


A\= a + Adbis. 34. on +Asghis.24. .n +Adya.23. .n+ 
p2tArA2=A2a + (02 +A%2)biz. 34. .n+(P2st+AzAs)bis.24. .n 
+(peatAsAa)dis.23..m+.... 
pist+AiA3=Asa+ (pos t+AzAs)bic. 34. .n+(o73+A*s)dis.24. .n 
+(psatAsAa)dra.22. BP isan 
putAiAg=A a+ (pos t+AsAa)bic. 34. .n+(Psat+AsA abis.24. .n 
+ (074+A%,)bis.23..m+.... 


If the first of the normal equations now be multiplied by Az and the 
result subtracted from the second normal equation, all of the Aj’s, 
A;’s, etc., will disappear. Similarly, if the first equation is multiplied 
by A; and the result subtracted from the third normal equation, by 
A, and the result subtracted from the fourth normal equation, etc., 
the following set of normal equations will be obtained: 

Pir = o7abi2. 34. .m+Pasdis.24. .n+Paadia.os..mnt........ 


Pis = Posdie. 34. nto*sbis. 24. n+Psdig.23 OF (5) 
Pris = Poadie. 34. n+Dsabis.24. ntorgig.o3. nt eercecce 


It will be noted that the number of equations in this set is one less 
than the number in the original set and that all terms involving a have 
been eliminated. Thus the solution of these equations will give the 
values of the regression coefficients (bj. 34. .n, etc.) and the value of a 
will then be determined from the equation: 


A, =a+Asbjo 3%. entAsbj1 3,24 - ent Agdya 23. at, etc. 


Obviously it is not necessary to divide through by N as indicated 
above. In that case the coefficients in the normal equations will be 
the product sums of the deviations from the means, and (for the 
diagonal terms) the sums of the squares of the deviations. 

The coefficients used in the normal equations (5) which, solved, give 
the constants of the equation for “ predicting” the value of X; from the 
other variables, may also be used to obtain a similar equation for 
“predicting” the value of any other of the variables, say X2, from the 
accompanying variables X:, X3, X.4, etc. The required regression 
equation (in terms of deviations from the mean) is then: 


Lo = bo1 34. «nm Lit+be3,14- -n Tetb04.13- -n Lat 
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The set of normal equations to determine these new constants 
reduces to: 













Dr2 = 07 1b21 34. -n t+ Pisbo3,14- «n+ P14b23.13- -nt-.--- ) 
Pos = Pisd21,34- -n+073b23,14- -n+Psabo4.13--nt..... (6) 
Dos = Prado1,34- -nt+Ps4d03,14- -nt+o7abo413- nt. .... 






he Comparison with the first set of normal equations (5) shows that the 
same coefficients rearranged are used in both sets, except that o?, is 
required in this set, while o%, found in the other set, is not used. 

In a similar manner, sets of normal equations may be formed to 
find the coefficients of the regression equations for z; in terms of 
2, Ye, Xy ....; 4 in terms of 2%, te, 3 ....; ete. 

The solution of these equations will give all of the coefficients of net 
regression from bj234..n tO On(n—1)-12.34- -(n—2)- The next step is the 
computation of the coefficients of net or partial correlation. 

Yule! defines the coefficient of net correlation as the geometric mean 
of the two net regression coefficients. That is: 




















(7) 





112,34 «n= (0y2,34- -n- 021,34- - 





The value of b,.34.., is given by the solution of the first set of 
normal equations (5), and the value of bo; 44. ., by the second set (6). 
Substituting the two net regression coefficients in formula (7) then 
gives the coefficient of net correlation between X; and Xz. 

Calculating the values bo; 34. -n, bo3.14--n, 624.13--n by solving the 
second set of normals does not require repeating the whole volume of 
calculation, but merely repeating the last step in the solution of the first 
set of normals, and there are similar short-cuts in the arithmetic of 
obtaining the other net regression coefficients. 

The coefficient of multiple correlation, Rj234-., may be defined as 
the coefficient of correlation between the original items of the series 
Xi, and the corresponding items of a series Z, obtained by applying the 
constants of the regression equation to the variables X2, Xs, X«..Xn 
of each of the series of observation equations. 


S (22) 



























Then R= 





ox,%% 
Hence 





But it is shown below that S(2,z) = S(z’). 
o, oz (8) 





S(zz) =o*,, and R= 


n oX\02 G2, 











1Yule,G. U. Introduction to the Theory of Statistics, Sixth Edition, 1922, p. 233. 
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That is, the coefficient of multiple correlation is the ratio of the 
standard deviation of the “predicted”’ values, Z, of the independent 
variable to the standard deviation of the observed values, X. 

The demonstration, for the case of three variables, of the equality 


ase) =g*, follows. A general demonstration along the same line can 


be made for the case of n variables.’ 


Any 2=)j23%2+630%3 
2? =D" yo 3270 +b" 13 0273+ 2d10 3b13 oT o%s 
and S(z*) =b*,2.3S(2"2) +b13.95(2*3) +2b12.3b13.25 (wars). 


Or, dividing both sides of the equation by the number of observations 
and using the notation of the normal equations (5 and 6), 


07, = 0" 12 3072 +0713 2073 +2b12 313.203 (9) 


Any =. 42 = by2.3%%o+b13.0%7%3 
and == S(2,2z) =by2.3S5(21%2) +13. 25(21%3) (10) 


S(2z 
or “ = bio P12 t+b13.2713 


Now if the values of b;2 3 and b,3 in terms of the standard deviations 
and the mean product sums are placed in the right hand side of equa- 
tions (9) and (10), they become identical. 

The two normal equations for determining the values of b;2.3 and 
bis2 are: 

Piz = 972b12. 3+ P23013.2 
and Pis= P2a12.3+973013.2 


The solution of the two equations gives: 


P120"3— PisP23 
2 2 
o°20°3— p23 
b P130"2— Pi2P23 

a - 
o°'29°3— P23 





bios - 





1A more general proof, following Yule, is as follows: 
Let U—1= 6. 
Then by hypothesis T,,=0 
(Since any correlation of the predicated 2 with ¢ is prevented by the least-square determination of 2). 
Now any 2z=2(z-+¢) =2z*-+-ze 
and S(x2z) = S(2*)+-S(ze) 
but  S(ze)=0, since To, =0. 
Hence S(x2z) = S(2%) 
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Equation (9) then becomes: 
~ (priro*s — PisPrs)? os, (Piso*2 — PisPeos)? : 2(p120"s — PisP2s) (Pis0%2 — Pires) 
(o*,073 — p23)? (o°,073 — p*23)? (o*,073 — p*s)? 
“a P*12072043 + p*139"230%2 — 212132307203 + P*1 3042073 + P12" 2307s — 2Pi2PisP0%20"; 
(o*2073 — p23)? 
+ 2Pi2PisP230720"s — 2p*s2p"23073 — 2p": 39723072 + 2pi2PisP*2s 





P2s 


o, 








Combining and rearranging terms gives: 
wal P*12072043 — P*2p"2307s — 2pi2PisP230%20"3 +2 i2P1 sP*28 + Piso" 20"? 5 — p*1 39"230"2 
(o?,0°3 — p*23)? 
- P1207 3(022073 — p23) —2i2PisPe3(o%20%s — p23) + p*13072(072073 — p23) 
(o*x07; — p*23)? 
__ Pirg*s — 2Pi2PisP23 + P1302 
7 o72073 — Dos 











Similarly, equation (10) becomes: 
S(xiz) _ (Pis*s — Prapros) Pr2 + (piso*s — Piss) Pis 
n 0203 — Des o7,0°; — p23 
al P*120"s — Pi2Pis Pes + P13072 — PisPisPas 
o*,07s — p23 
sil PPiso"s — 2piaPisP2s + P13072° 
07,07, — p23 
which proves the equality.! 











Equations similar to (9) and (10) for n variables will be 


7, =B* 12.4. noe +13 24. nos +0" 14 93. -noat 
2b12.34- - n013,.24- -nP23s+ 
2b10,34- -n014,23- -nP2at 213,04. -ndis.o3--nPut---- (11) 


S(22) 


and = bye 34- -nPi2tbig.o4- -nPistb14.23- -nPiat 


After the solution of the normal equations for any set of data has been 
made, the value of o, to be used in evaluating R can be determined from 
either equation (11) or (12). The computation from equation (12) is 
much shorter, but the use of both equations furnishes a valuable check 
on the accuracy of the arithmetic, including the formation of the 
product sums and sums of squares of deviations. In case the computa- 
tion of the products and squares of deviations was made individually 
for each observation, then o?, as computed from equation (11) should 
check with the value as computed from equation (12); while if the 


1 The method presented here for obtaining the coefficient of multiple correlation without computing 
the intermediate partial coefficients is in part the work of Mr. B. B. Smith of the U.S. Department of 
Agriculture; the authors of this paper wish to take this opportunity of thanking him for his assistance. 
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moments were computed by means of correlation tables the closeness of 
agreement between the two values indicates the accuracy of the work. 

In conclusion, it should be noted that in a problem requiring only the 
regression equation and the coefficient of multiple correlation, all the 
work necessary after computing the gross product sums and sums of 
squares is that indicated in solving the normal equation (5) and then 
substituting in equations (11) and (8). For a problem of six variables 
this takes about an hour (using a multiplying machine); while a ten 
variable problem can be worked through in half a day. 

If the coefficients of net correlation are also desired, more solutions 
of equations in the form of (6) are required; but as shown in the example 
below, even this does not involve a very large volume of computation. 


ARITHMETIC OF THE METHOD 


The example used to illustrate the method is from data concerning 
boll-weevil damage to cotton collected by the Bureau of Entomology at 
Delta Laboratory, Tallulah, Louisiana, during 1920, 1921, and 1922. 
The factors included are as follows: 


Xi=per cent of damage (per cent of crop destroyed by boll weevil) 

X:= per cent of squares punctured by boll weevil at the time when there 
were 5 squares per plant. 

X;=per cent of squares punctured by boll weevil two weeks later. 

X,=per cent of squares punctured by boll weevil at period of maximum 
fruiting. 

X;= Weather index for each year, based on number of rainy days and 
amount of rainfall between June 15 and July 15. 


There were 34 records in all. 


The computed moments were as follows: 


0%=13.89 pos= 9.08  posr=12.06 pos=0.60 pe=11.46 
o*?;= 11.80 pPu=13.44 P3s=1.90 Pis= 12.46 

o*?, = 38.55 Pas =2.62 Pu=26.11 

o?;=1.61 P15= 3.23 

o*; = 43.20 


The first step in the solution is the formation of the set of normal 
equations (5), as follows: 


13.89 bie. s45+ 9.08 bis oas t+ 12.06 bi4.235 +0 .60 bis.o34 =11.46 
9. 08 Dio sist 11. 80 biso45+ 13.44 bis 235 +1 .90 bis.234 =12. 46 
12. 06 bio sist 13.44 bi3.2045+38 .55 big 235 +2 .62 bis.234 = 26.11 
0.60 bie s45+ 1.90 bis.c4a5+ 2.62 big.o35+1 .61 bis.234 = 3.23 
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The solution of these four simultaneous equations gives the values of 
the net regression coefficients. 


bis sas= +0.2724 
bi3.2045= +0. 1528 
bisoas= +0.4741 
bis.2034 = +0.9525 


We can check the accuracy of the solution by substituting these 
values in any one of the normal equations. 
Our regression equation in terms of deviations from the means is 


then: 
4 = +0.272427.+0.1528273;+0.47412,+0.95252; 


The next step is the computation of the coefficient of multiple correla- 
tion. From equations (8) and (12) we see that this will be merely 
substituting in the following equation: 


bie. 345. Piothis ; 245-Pis tra. 325 . Pisthis -234-Di6 
RR; 236 = : 
o'1 


_ (.2724)(11.46) +(. 1528) (12.46) + (.4741) (26 . 11) + (.9525) (3.23) 
~ 43.20 








20.4810 
= = .474097 
43.20 


hence R, .23«6 = (.474097) = .6885. 


This completes the solution to obtain the net regression equation, 
and the coefficient of multiple correlation, which indicates how nearly 
z, can be “estimated” from the equation. To find how closely each 
individual variable is related to the result, we need the net correlations; 
and to compute these we must have, as indicated by equation (7), the 
coefficients of net regression bo; 345, 531.045, 041.935, and bs; 234, in addition 
to the net b’s we already have. 

To compute b;; 03, we arrange our set of moments in the form of 
equation (6), giving the following set of normal equations: 


13 . 89 bs2134+ 9 . 08 bs3.124+ 12 . 06 bs4 193+ 11 . 46 bs) 234 = 0 . 60 

9 . 08 bs2134 + 11. 80 bs3.194+ 13 . 44 bs4.193+ 12. 46 bs1 234 =]. 90 
12 . 06 bs2.134+ 13 . 44 bs3. 124 +38 . 55 bs4.123 +26 . 11 bs1.234 = 2 . 62 
11.46 Dso 134-+12.46 bsg 194-+26. 11 54 193-+43 . 20 Bs1.034=3- 23 


Comparison of this set of equations with the preceding set shows that 
the coefficients of the first three equations are identical, except that the 
last two columns have been transposed. The solution of these equa- 
tions gives at once the value of bs; 23, (see table of net regression 
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coefficients below), which with the value of b;; 23, already computed, 
enables us to compute the value of 75 934. 

In a similar manner we can use our set of moments to form the set of 
normal equations for determining the b’s in the regression equations: 


b42,135%2+b43, 19503 +045, 13505 +041 23571 = 24, and 
bos 13504 t bo5, 13405 +021 34501 +03, 1457s = Le 


We now tabulate all the coefficients of net regression which include 
z, and compute the coefficients of net correlation, as follows: 








Coefficients of net regression 


Variable Product of the Coefficients of net 
Of m(% of damage)| Of the variable two eosiiicients correlation 
on the variable onan 








+0.2724 +0.0723 +0.016971 +0.1303 
+0.1528 : +0 .004034 +0.0635 
+0.4741 . +0.181770 +0.4263 
+0.9525 : +0.044958 +0.2120 




















Thus we have the net correlation of X, with each of the other 
variables, in addition to the coefficients of net regression and multiple 
correlation. 
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THE FUTURE OIL SUPPLY 
By C. C. Ossorn! 


There is no other basic industry in the United States that has grown 
so rapidly in the past decade as the production of petroleum. In 
1909, 167 million barrels were produced and consumed, and since that 
year there has been a progressive increase of 10 per cent. In the past 
ten years the rate of increase has been 11 per cent annually. During 
the present calendar year, at the existing rate of consumption, between 
700 and 750 million barrels will be required. 

The reason for this growth is known to all. It is practically synony- 
mous with the widely-diffused and ever-expanding demand for motor 
vehicle transportation. The demand for gasoline, which is, of course, 
the occasion for this large production of petroleum, has increased at 
even a more rapid rate. Since 1916, the year in which compilation of 
gasoline statistics was begun, the annual rate of increase has been 16.9 
per cent. The difference between this rate of increase and the lower 
rate of increase in crude petroleum production has been made up by 
distillation with improved methods. The marine consumption of fuel 
oil is also rapidly increasing. Despite conditions in Europe, almost 52 
million barrels of fuel oil were delivered to merchant vessels at United 
States ports in 1922, compared with 43 million in 1921, or an increase of 
about 20 per cent. 

During many of the years since 1909 production and importation 
have not kept pace with the demand, and it has been necessary to with- 
draw petroleum from storage. In other years the supply has exceeded 
the current demand and storage has been built up. In August, 1923, 
the United States contained about 154 days’ supply of crude petroleum 
in storage compared with 167 in 1916. 


A LOOK INTO THE FUTURE 


It has been said that no man knows whence the petroleum supply of 
tomorrow will come, nor in what quantity. A careful review, however, 
of the accompanying data, in conjunction with the status of present 
flush production and drilling operations, affords the basis for some 
conclusions of much significance to the petroleum industry and the 
country. It is almost universally recognized that the use of motor 
vehicles will continue to increase. No one familiar with conditions will 
deny that the saturation point in automobile use is years ahead. If 


1 Formerly petroieum statistician of the U. 8. Geological Survey. 
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TABLE I 
PETROLEUM DEMAND AND SUPPLY IN THE UNITED STATES 








Demand Supply Stocks 





Domestic consumption and exports — (End of year) 





Per cent of Per cent of 
increase increase (Barrels) 


: 





116,687,000 
131,030,000 


ace 


toto 
ne 
2 


Rees 
SEESSzE55 


FE 


B8a85 
358888 


ASSERRSEUNENEYE 
3 


























1 Fiscal years ending June 30. Other figures relate to calendar years. 

2 Estimated. 
these premises be true, the demand for petroleum will continue to in- 
crease. At an annual gain of 11 per cent, between 700 and 800 million 
barrels in 1924 and over 800 million barrels in 1925 will be required. 


Consumption increased at this rate is shown graphically by the ac- 
companying chart. 


GASOLINE DEMAND 








Per cent of increase 
over previous year 

















'The gain in consumption was small in 1921 over 1920 because 1920 was a year of large business, 
whereas 1921 was a depressed year. 


WHERE WILL THE OIL COME FROM? 

For many years the Western Hemisphere has furnished the world 
with over 75 per cent of its supply. Most of this has come from the 
United States and Mexico. Production in the United States was 
2,240,000 barrels a day during the first week of August. Mexican wells 
are yielding 440,000 barrels a day, compared with 785,000 barrels late 
in 1921, which was the peak for that country. Geologists say that the 
spectacular golden lane of petroleum production in Mexico has been 
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stripped of its richest deposits, and it is now generally recognized that 
the conditions of production in that country will be more like those in 
the United States. Mexico will still yield a large quantity of oil, but it 
must come from numerous wells with moderate production, and much 
drilling will be required. 

The search for oil goes on in the Western Hemisphere almost from 
poles to equator. Oil deposits are known to exist in the Latin-Ameri- 
can countries, but conditions of transportation in promising areas are a 
serious handicap to their development. In recent months substantial 
reserves of oil have been proved to exist in Venezuela. Most notable 
of these deposits are the La Rosa and La Paz fields in the Maracaibo 
Basin. The Mene Grande field has been producing small quantities of 
oil for several years. 

In December, 1922, a spectacular well was completed in the La Rosa 
district which is said to have averaged more than 100,000 barrels a day 
until it sanded up. In the La Paz field, northwest of Lake Maracaibo, 
a well was also completed in December, 1922, that is said to have 
yielded 35,000 barrels of oil a day. Large reserves of oil unquestionably 
exist in Venezuela, but the oil thus far discovered contains little gaso- 
line, and conditions of transportation will prevent the oil from becom- 
ing a factor in the American markets for a number of years. There are 
no pipe lines to deep sea loading points, and the nearest suitable deep 
sea point is said to be on the west coast of the Paraguana Peninsula, 
which would require a 300-mile pipe line. The small quantity of oil 
thus far exported has come largely from the Mene Grande region. It 
is loaded in small tankers, transported 100 miles to the mouth of Lake 
Maracaibo and 200 miles on the treacherous shores of the Gulf of Vene- 
zuela against the trade winds and a heavy ground swell to a tank farm 
at Curacao. Tankers with a draft of over 12 feet cannot enter Lake 
Maracaibo. There is a wide bar at the entrance to the lake. Esti- 
mates of the cost of dredging it vary from $2,000,000 to $10,000,000, 
and they are of little value, because a detailed study has not been 
made. Even with the channel dredged, it is probable that an enormous 
expense would be required to keep it open. 

In addition there are no railroads worthy of mention to aid in bring- 
ing in materials or shipping oil out in tank cars, if that was found 
desirable. It would matter not if the potential daily production were & 
million barrels, natural barriers to transportation would prevent 
Venezuelan oil from becoming a large factor in the American market 
for a few years. There are no roads to speak of in the country where 
the oil is found, and trails have to be cut through thick jungles. The 
approach to the harbor is long and winding, and the position of the sand 
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banks is continually shifting, so that the dredging of a permanent chan- 
nel would be an undertaking of enormous cost and its maintenance 
would involve heavy upkeep charges. 

Persia, too, contains large known oil reserves, but they are a long 
distance from the world’s greatest consuming centers, and natural 
conditions retard development. 

It is evident that the United States in 1924 and 1925, and doubtless 
thereafter, must continue to be the world’s chief producer of oil, unless 
the price of oil increases so materially that it becomes sufficiently 
profitable to produce and transport it from remote foreign regions in 
large quantities. Most grades of known foreign oils are low in gravity 
and yield much smaller quantities of gasoline than the present great 
flush fields of the United States. 


OKLAHOMA’S CONTRIBUTION 


Oklahoma has been a large contributor to the petroleum supply for 
many years, but new fields must be discovered in order to increase 
production or even to maintain the present rate. During the last half 
of July the production of Oklahoma was 493,785 barrels a day. Ap- 
proximately 209,000 barrels of this production came from 1,470 wells 
in two fields, and the remainder from over 50,000 wells in over 40 fields. 


THE DECLINE OF FLUSH PRODUCTION 


A study of the present flush production in the United States and 
of the rate of drilling shows that a vast number of new wells must go 
down and an enormous outlay of capital must be made in order to keep 
up the required rate of increase. A little less than one half of the pres- 
ent output might be roughly classed as settled production, and the re- 
mainder flush production. Of the flush yield about 1,280,000 barrels a 
day is coming from only 4,665 wells in only eleven fields, as shown by 


the following table: 
TABLE II 


FLUSH PRODUCTION 








Daily output 
September, 1923 
(barrels) 





Santa Fé Spri 321,000 
Signal Hill _— 231,000 

94,000 
130,000 
105,000 

46,000 
167,000 
186,000 


1,280,000 
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The settled production is being taken from close to 275,000 settled wells, 
with an average production per well of about 4 barrels. Of the settled 
wells 265,000 are producing an average of about 2.4 barrels each per 
day. Flush fields that have reached their peaks are subject to decline 
at a rapid rate. Settled fields are also subject to a slower but steady 
decline. Much increased drilling will be required to thoroughly de- 
velop new fields and to prevent the too rapid decline of older ones. It 
was decided by petroleum geologists and engineers several years ago 
from a study of data existing at that time, that, without the discovery 
of new fields, the production of the United States would decline at a 
rate of from 25 to 35 per cent each year from the previous year’s 
production. A large proportion of the present flush fields are yielding 
light thin oil that flows freely from the sand bodies and comes under 
heavy pressure from deep horizons. It is thought by some authorities 
to be quite likely that, in view of the large percentage of flush oil now 
being produced in comparison with the total production and heavy 
flow of the individual wells, the rate of decline might be somewhat 
greater. If 37} per cent be taken as the natural rate of decline of the 
existing fields of the United States, and the effect of new, yet-to-be 
discovered fields be eliminated, the production in 1924 from the present 
fields would be about 433 million barrels, and, in 1925, 270 million 


barrels, in lieu of the present output at the annual rate of about 800 
million barrels. Even the annual rate of 270 million barrels could not 
be realized without much drilling in order to develop thoroughly the 


Tue PerroLeuM DEMAND AND Its RELATION TO FuTURE SUPPLY 
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existing fields. Present drilling in the United States is at the rate of 
about 2,000 wellsa month. The rate of decline referred to is illustrated 
by the accompanying chart, which also shows its relation to past pro- 
duction and increased consumption, and to the volume of oil that must 
be discovered and produced to make up the deficiency. 

At this time next year, present fields may not be producing over 
1,500,000 barrels a day, or 547,500,000 barrels a year. By the middle 
of 1925 at the assumed rate of decline, existing fields, which will then be 
classified as settled, will be producing at an annual rate of only 270 
million barrels, provided that, on the basis of present experience, some 
48,000 wells, or 2,000 a month, be added to present settled wells to 
realize this production. In addition to this settled production, 1,250,- 
000 barrels a day must be discovered and produced from new fields, 
now still unknown, in order to meet the estimated annual requirements 
of about 800 million barrels by the middle of 1925. At present, as 
stated previously, nine flush fields are producing 1,236,000 barrels of oil 
a day from 4,166 wells, or an average of 280 barrels a well. In order to 
discover and produce 1,250,000 barrels of additional flush oil, ten to 
twelve new, large fields of the same extraordinary productivity as those 
listed must be located and developed within the next two years. As- 
suming it is possible to discover this number of new fields, and the 
extraordinary yield per well in present flush areas is to remain a criterion 
of the future, some 4,500 additional wells must be drilled in these new 
fields. Adding this figure to the number of wells that must be drilled to 
thoroughly develop existing oil fields gives the sum of 52,500 wells, or 
considerably more than the 2,000 wells which are now drilled per month. 


CAPITAL REQUIREMENTS ENORMOUS 


In recent years the cost of drilling, due to increasing depths, has 
grown greatly. The average cost of a Burbank well is not far from 
$50,000. In California the deep wells in the new fields cost from 
$75,000 to $200,000. In 1920, according to Victor Ross, the estimated 
investment in land and wells in the producing branch of the American 
petroleum industry was $3,542,000,000. The capital requirements of 
the drilling program necessary to produce the oil that will be required 
between now and the middle of 1925 will run into billions of dollars. 
This does not take into account the enormous investment which has 
to be swallowed up for the acquisition of acreage and in fruitless ex- 
plorations. Experience shows that scarcely one in ten wildcat ventures 
is & success, even if the prospectors act on the best available advice. 
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A STATISTICAL THEORY OF DEPRECIATION 


Basep on Unit Cost 
By J. S. Taytor, Massachusetts Institute of Technology 


The depreciation problem, in general terms, is the problem of writing 
off from fiscal period to fiscal period sums sufficient to return the capi- 
talinvested in a property when that property has outlived its usefulness. 
In dealing with the depreciation of any property, then, there are two 
things to be determined; first, the “useful life” of the property, or 
the number of years the property will be used; and second, how the 
depreciation charges are to be distributed over the period of use. 

Both of these problems are attacked in the present paper, for 
property having a measurable unit output. Assuming certain statis- 
tical data, the number of years is determined that the average machine 
of a given type can be most efficiently used. Also, while the useful 
life of an individual machine can then be forecasted only within the 
limits of deviation of the individual machine from the average, the 
methods developed permit a determination of the time at which a 
machine should be discarded when that time arrives in which the only 
“‘guess’”’ is the estimation of probable costs for a new machine. 

In distributing the depreciation charges over the period the machine 
is to be used, the attempt is made to apportion those charges so that 
the book value of the machine is the value of the machine to the busi- 
ness in which it is being used—namely, that value which will make the 
unit cost of production the same as it would be with a new machine. 

This is suggestive of the so-called unit cost method of treating de- 
preciation.. The unit cost method has been referred to by some as 
“probably the soundest theory of depreciation” although not readily 
applicable in practice. E. A. Saliers, however, correctly states that 
it is “vitiated by the introduction of the sinking fund method,” 
although he explains the faults of the method only in part. As it 
was this method which suggested the treatment of depreciation pre- 
sented in this paper the unit cost method will be briefly discussed. 

As usually stated the method is this. If C is the cost of a new 


1 For a fairly complete discussion of the different methods of treating depreciation see, for example, 
E. A. Saliers: Depreciation, Principles and Applications. Ronald Press. 1922. Chapters VIII and 
IX; Riets, Crathorne, and Rietz: Mathematics of Finance. Henry Holt. 1921. Chapter V; 
Final Report of the Special Committee to Formulate Principles and Methods for the Valuation of 
Railroad Property and Other Public Utilities, Trans. of the Am. Soc. of Civil Engineers, Vol. LXXXI, 
1917, pp. 1448-1501, 
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machine, O the average operating expenses per year, R the average 
repair costs per year (sometimes given as the annual rent of an annuity 
to take care of repairs), Y the average number of units output per year, 
i the current interest rate, and N the number of years of useful life, 
then the average unit cost of production (including interest on the 
capital invested in the machine) for the new machine is 


o+R+ci+£ 
$n 





Y 
5 te 


C 
where 8q= ; that is, - is the annual rent of an N-year 


2 
annuity which will amount to C at the end of the N years with money 
worth i per cent compounded annually. This is with the salvage 
C C-S 
value zero; if the salvage value is S, we should replace — by . 
8 N 
Using lower case letters to represent the same items for an old 
machine, we obtain the average unit cost for the old machine 


c 
otrtoit 





y 
Assuming that the value of the old machine should be such that the 
unit cost of production for the old machine will be the same as for the 
new, we equate the two values given above and solve for c, the value 
of the old machine. 

This would seem to be an excellent method of determining the 
theoretical value of a secondhand machine, but it offers no new way 
of treating depreciation. We cannot use this method as it stands to 
compare a machine in use with a new machine at the end of each year 
and make the book value of the old machine that value which would 
make the unit cost the same as for a new machine, without danger of 
impairing invested capital. For, if we should obtain by this method 
& value c for a machine which had been in use one year and whose 
first cost was C’, we should (according to the method in its present form) 
then make our depreciation charges for each of the N—1 remaining 

oa But when the machine was first installed we had decided 
that the annual depreciation charge should be “. So that unless 

: N 
sQ-1 
the end of each of the N years, we shall not have C dollars at the time 

5 


C 
.. . accidentally equals a and a similar accidental equality holds at 
8y 
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the machine is discarded. Also, a little consideration will show that 
ci is not the correct interest charge. Furthermore, the unit cost for 
the new machine was obtained on the assumption that the annual 


depreciation charge would be ~~ and the annual interest charge (i. 
If these charges are changed it means not only impairment of invested 
capital, but it means that the average unit cost as obtained for the 
new machine was incorrect, so that the basis of comparison is vitiated, 
In fact, the method breaks down entirely if an attempt is made to 
interpret it, in so far as it applies to the depreciation schedule, as 
anything but the sinking fund method. 

It seems soundly just, however, to say that if a machine which has 
been in use k years should have a value c in order to make the unit 
cost the same as when the machine was new, that the amount it has 
depreciated is its first cost C minus c, provided labor costs and the 
like have remained constant. In fact, if labor costs, costs of opera- 
tion, and economic conditions in general remain constant, why should 
the unit cost of production vary? And even where labor costs and the 
like do not remain constant, should not the unit cost vary only in 
like proportion? In short, in so far as possible, should not the book 
value of a machine be so determined that the unit cost will be the same 
as that for a new machine under the existing economic conditions? 

This is the point of view which has been adopted in formulating 
the methods of treating depreciation which follow. We shall assume 
at the start that we have obtained from data concerning the use in the 
past of machines similar to that in question the average value of an- 
nual operating expenses, units output, and the like, for the first year 
of use, the second year of use, and so on. 

We shall make use of the following symbols to designate the statis- 
tical values assumed available and some of the quantities determined 


by them. 


C =cost of machine new. 

S,=scrap value or salvage value at the end of r*® year. 

W,=C—S,= wearing value if machine is used r years. 

Y,=number of units output for r® year. 

O,=operating expenses for the rt* year, including repairs and 
(depending on the nature of the problem) labor costs of operating 
machine, fuel costs, overhead, etc., etc. 

¢=current interest rate (the minimum rate to be realized on the 
capital invested in the machine to make such investment desirable). 

D,=depreciation charge for the r* year. 





65] A Statistical Theory of Depreciation 1013 


r—1 


B,=C—ZD,=C—D,—Ds— . . . —D,~,;=book value during 


r*> year. 

I,=1B,=interest charge for r** year. 

Z,=unit cost of output for r** year. 

X,=unit cost plus of output for rt year (interest included 
among costs). 


There has been a great deal of discussion concerning the propriety 
of including interest charges on capital invested in a machine in 
determining unit cost.! In view of the very great difference of opinion 
in this connection we shall attempt to avoid confusion by using the 
expression unit cost for the unit cost when interest is omitted and the 
expression unit cost plus when interest is included. From the point 
of view of cost accounting the question of including interest would 
seem to be largely a matter of bookkeeping, with particular reference 
to convenience in comparing cost of machine work with cost of hand 
work; but from the point of view of depreciation it makes a real 
difference in the nature of our problem. One part of our probiem is 
to determine the number of years a machine may be most efficiently 
used. The question at once arises as to whether we shall seek to 
make the unit cost a minimum or the unit cost plus a minimum. If 
we choose to do the former, interest should be omitted; if the latter, 
it should be included. 

If we choose to make the unit cost a minimum, our problem is a 
simple one. For then the unit cost for the r* year is 

O,+D, 


Y, 


T 


and the average unit cost if the machine is used n years is 


a Ot Ort . ° ° +0,+W, (1) 
Vit¥it ... +¥, ° 





or the total operating costs for the n years plus the wearing value of 
the machine divided by the total number of units output. All we 
have to do on this basis is to compute z at the end of each year for 
the total time the machine has been used up to that date and discard 
the machine when z ceases to decrease and begins to increase, provided 
’ 1 See “The Harvard System of Accounts for Shoe Wholesalers,” Graduate School of Business Admin- 
istration, Harvard University; “A Cost System for Manufacturers,” Federal Trade Commission; 
J. L. Nicholson, “Cost Accounting”; C. H. Scovell, “Cost Accounting and Burden Application”; 


N. T. Ficker, “Shop Expense Analysis and Control”; and numerous discussions in the Journal of 
Accountancy, Volumes XIII, XV, XVI, XXI, and XXVI. 
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labor costs and the like have remained constant. If these costs have 
increased, however, we can well continue to use the old machine after 
the minimum has been passed. It is then only necessary to compute 
the unit cost for each year from that point on and discard the machine 
when the annual unit cost becomes greater than the estimated unit 
cost for a new machine under the changed economic conditions. 

It is a question, however, as to whether we should seek to make 
the unit cost a minimum or the unit cost plus a minimum. Making 
the unit cost plus a minimum means making the theoretical “selling 
price”’ for the operation performed by the machine a minimum (which 
will contribute toward an increased profit). Since the latter would 
seem the more desirable we shall proceed on this basis. The results 
which will be obtained become those which we should get without in- 
cluding interest if 7 is made zero. 

The question also arises as to what should be included in O,. Cer- 
tainly repair costs should be included; and if we were merely seeking 
a method of ascertaining how much the machine is ‘worn out” 
perhaps this is the only factor which should be included. But if we 
seek to make the unit cost plus a minimum we should include labor 
and fuel costs of operating the machine, a certain percentage of the 
overhead, a certain portion of the interest charge on the floating capi- 
tal necessary to carry on the business, and so on. In fact, O, can be 
made to include as much or as little as we desire, depending on the 
nature of the problem we are attempting to solve. 

The unit cost plus for the r* year, with the symbols as earlier de- 
fined, is 

x,= Orth t+ Dr 
Y, 

It is obvious without mathematical demonstration that the average 
unit cost plus will be decreased the more we are able to decrease the 
total of the interest charges. Therefore, since the interest charges 
are based on book values, the sooner we reduce the book value to the 
scrap value the better. This means that in order to make the average 
unit cost plus a minimum we should make our depreciation charge 
for the first year the total wearing value of the machine and the depre- 
ciation charges for each of the remaining years zero! But this is 
absurd. One of the chief aims of any method of treating depreciation 
is to distribute the burden of the depreciation charges. To load the 
first year with the total depreciation charge would place as unwar- 
ranted a burden on the first year the machine is used as neglect to 
consider depreciation places on the last year. 





67] A Statistical Theory of Depreciation 1015 


We shall, therefore, arbitrarily assume that the burden is distrib- 
uted. As before stated, we shall assume, first, that the unit cost is to 
be kept constant; that it shall be the same for the r™ year as it was for 
the first year. If the lifetime of the machine is long, however, with 
the probability that labor costs and the like will increase, it would 
seem better to let the unit cost plus increase also; so that we shall 
later make alternative assumptions with this end in view. 

We shall proceed, then, to the problem of making the unit cost plus 
a minimum under these assumptions concerning the distribution of 
the depreciation charges. If the unit cost plus is to be kept constant, 
we have Xi=X2= .. . =X,=X. This gives 
—AthtD: _ O2+I,+D2 _ 

Y; Y: 
0,+1,-+D, _ _ Ont+Int+Dn (2) 
—— < *« * —— 


X 





where the J’s are functions of the D’s as earlier indicated and where 
D,+D2+ * 8 « +Dn= Wa. (3) 


Thus, from (2) and (3) together we have n equations in the n unknowns 
D;, Dz, . . ., Da. Our problem is to determine n so that X 
shall bea minimum. After some slightly complicated algebra we shall 
obtain the formula 


WatCis,+3(1-+i)"0, 
X= ~ : (4) 
2(1+1)*Y, 
1 





Once this result is obtained the further computation will be simple. 
We have immediately from (2) 


D,=¥, Att 2: -0,-1,=¥,X-0,—I, (5) 


1 


We now have D, in terms of D,, J,, and known constants. We shall 
next obtain D, in terms of D, alone and constants. 
It is to be recalled that 


r—1 
0 


Hence, 
I,=I,-1—tD,-1, 
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Starting with D, and using (6) and (5) alternately, we may get I, I;, 
Ds, Is, D3, and so on. The results are 
I,=Ct D,=D; 
I,=i(C —D,) Dz = Y2X —0,—i(C —D,) 
I;=I,—tD2=1[C — Di] —7[¥2X —O2.—1(C — D,)] 
=1[(1+7)(C—D,)+0.—Y2X] 
Ds= Y3:X —03—7[(1+7)(C—D,)+0.—Y2X] 
= (¥3+2Y2)X —(03+7202) —7(1+12)(C—D,). 
I,=I3—tD;3=7[(1+7)(C —D,) +02— Y¥2X]—2[(¥3+t¥2)X —(03+10;) 
—t(1+1)(C —D,)] =[(1+7)*(C —D,) +0;+(1+7)0.— 
{ ¥s+(1+2)¥2}X] 
Dg= ¥4X —O,—i(1+1)*(C — Dy) —i03—i(1 +1) 02+ { i¥s+i(1+2)¥2}X 
=[Yo+¢¥3+2(1+72) Y.}X —[0,+703+7(1+2)0.] —i(1+1)2(C —D,) 


We are now able to obtain D, in terms of D,; by mathematical 
induction. Assume, for r> 2, 

T,=1[(1+1)"-?(C—D,)+0,-1+(1+0)0,-2+ . . . +(1+8)"%0; 

—{¥it(1+)¥2+ «© . . +(1+0°°¥2}X] (7) 


If this assumption is correct, then, by (5), 

D,=Y,X —O,—1i(1+1)"-7(C —D,) —10,-1-i(1+7)0,-2- . .. 
—i(1+t)’~*O.+ {t¥,-1+0(1+i)¥,-2+ . . . +2(14+0)"°¥2}X 
=[Y¥,+i¥,1+i(1+i)¥,-2+ . . +2(1+7)'*¥.)X-—[0,+10"" 

+i(1+1)0,2+ . . . +4(1+2)"*O.)—-i(1+1)"7(C—-D,) (8) 


And, if (8) is correct, we get by (6) 

T,41=1(1+0)"7(C—D1) +0,-1+(1+0)0,-2+ . . . +(1+i)"%0; 
—{Yat(1+a)¥-2+ . . . +(1+0)*¥2}X] 
—i[Y,+7¥,1+0(1+i)¥,2+ . . . +2(1+i)"*Y)X 
+i[0,+10,-:+2(1+7)0,-2+ . . . +%(1+7)"-°0,] 

+42(1+7)"-?(C —D)) 

=a[(1+1)"""(C—D,) +0,+(1+4)0,-1+ 
(1+2)9O,2+ . . . +(1+0)"70: 
—{¥,+(1+0)¥,1+(1+0)?¥,-2+ «© ©. +(1+0)"?¥2}X) 0) 


But the value for J,+; given by (9) is the same as the value for J; 
given by (7) except that we have r+1 instead of r. Also, the assumed 
value of I, is seen to be correct for r=3 (and for r=4). Hence the 
value for I, is correct for all values of r greater than 2 and thus the 
value of D, given by (8) is likewise established for all values of r 
greater than 2. 
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Substituting the values for D., D;, . . ., D, in equation (3) 
we get 
[D\]+[¥2X —O0.—i(C —D,)] 
+[(Y¥s+7tY2)X —(Os+702) —7(1+12)(C—D,)] 
+{{ Yati¥s+i(1+7) ¥2 } X— {O.+103+4(1+1)0.} —i(1+1)*(C—D,)] 


+{{¥att¥,-1+i(1+0)¥n-2+ . . . +2(1+0)”*Y.} X- 
{Ont+tOn-1+i(1+2)O,-o+ . . . +4(1+0)""*O,} 
—i(1+1)""*(C—D,)]= Ws. 
Collecting terms we get 
Di+X1{ Yo+i¥o+i(1+i)¥e+i(1+i)*¥2+ . . . +2(1+i)"* 
Yo+i(1+i)"*Yo}+{¥sti¥st+i(lt+a¥s+ . . . +4141)" 
Vitti... 4040"N+ CF 
{ Yn-1+t¥n-1} +¥n]—[{ O2+i0.+i(1+1)02+ ; 
+1(1+7)"*~*0,} 
P 4 +{Os+10st+i(1+1)Ost+t . . . +2(1+72)""*0,} 
+... +{On-1+40,-1} +On]—i(C — Dy) 
[1+(1+¢)+(14+2)?+ . . . +(1+1)"7J=W, 
D,+X[(1+1)*-7¥e+(1+1)**¥st+ 2 1. +1404) ¥n-14+Y¥al 
—[(1+2)""702+(1+7)""9Os+ «© ©. +(1+0)0,-1+0n] 


\n—-1 
—i(C—D,) allied = We. 
i 


O0:+Ci+D, 
i 
value for D, in the above and cancelling the D, which occurs as the 
first term on the left with the minus D, which occurs in the last term 
of the left (after obvious simplification), we get 
X[(1+4)"-7?¥2+(1+2)"*¥st+ . 2. +(14+0)¥,-14+Y,] 
—[(1+i)""7O.t+ © © © +(1+0)0,-1+0,]—C[(1+i)"""—1] 
+Y¥,X(1+1)""'—0,(1+1)""* —Ci(1+1)""' = Wp. 
[((1+2)""'Yit(1+i)""Fat+ 2 2 © +(140)¥,-1+¥n]X 
—[(1+%)""O:+(1+i)""7O.+ © © © +(14+0)0,-1+-On] 
—C((1+7)"— 1) = W,. 
Writing the terms in the Y’s and in the O’s as summations and noting 
that (+#)"~1 
1 


Now X= Hence D;= Y,X—O,—Ci. Substituting this 


=8y, we have the value of X as given in (4) 


Wat+Cis,+2(1+7)""0, 
1 


Yea 





3(1+i)""Y, 
1 
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As before stated, this becomes the result with interest omitted, given by 
(1), if¢is made zero. This is one check on the correctness of the result. 
We are now prepared to determine n so that X, the unit cost plus 
for each of the n years, shall be a minimum. Instead of taking the 
derivative of X, replacing the discontinuous functions of n by contin- 
uous ones, it will probably be simpler to compute X for n=1, 2, 
and so on, until we find X ceases to decrease and begins to increase. 
The slight labor involved is reduced if we note that 


n+1 n 
2(1 +4)" 0, = (144) 2(1+1))" 0, +Onss (11) 
1 


n+1 n 
2(1+1)"t?Y, = (1+0)2(1+0)""Y,4+¥ ais (12) 
1 1 


The use of these reduction formulas, as well as the general procedure 
of applying the results obtained, will be made clear by a study of the 
following (hypothetical) illustrative problem. 

Let C =$2,000, 1=6 per cent, and the annual operating costs, units 
output, and scrap value be taken from the accompanying table. 








1 2 3 4 5 6 





$1,000 $1,050 $1,200 $1,250 $1,400 
2,000 2,000 1,950 2,000 1,900 1,800 
$1,000 $800 $600 $500 $400 $350 


























We shall proceed to find the unit cost plus if the machine is used one 
year, used two years, . . ., used seven years. The use of the 
reduction formulas will be made clear by the grouping of the terms. 
The values of sq are taken from tables. The only computation 
involved is the multiplication, addition, and division indicated. 
With the exception of n equal five, and n equal six, the results are given 
only to the nearest cent. The reason for giving more places for n=5 
is for the sake of obtaining sufficient accuracy in obtaining Dy, since 
it is for n=5 that the depreciation charges will be computed. The 
result for n=6 is given to three places to make it clear that this result 
is larger than for n=5. 
If the machine is used one year only 
_ 1000+120+1000 _ 1.06 
2000 


If the machine is used two years only 
x — 1200+ (120) (2.06) + (1000) (1.06) +1050 
(2000) (1.06) +2000 
_ 1447+2110 _ 86 
4120 
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If used three years 


_ 1400+ (120) (3. 1836) + (2110) (1.06) +1100 


(4120) (1.06) +1950 
_ 178243337 _ 


= .81 
6137 


xX 





If used four years 
x= 1500 + (120) (4.3746) + (3337) (1.06) +1200 
(6317) (1.06) +2000 
2025+4737 
= —____— = .78 
8696 
If used five years 
x= 1600 + (120) (5.63709) + (4737) (1.06) +1250 
(8696) (1.06) +1900 


= .768794' 








_ 2276+-6271 
11,118 
If used six years 


x — 1650+ (120) (6.9753) + (6271) (1.06) +1400 
(11,118) (1.06) +1800 





_ 248748047 _ 


=.775 
13,585 
If used seven years 
_ 1700+ (120) (8.394) + (8047) (1.06) +1600 _ 
(13,585) (1.06) +1600 
It is thus observed that, with the data as given, n=5 yields the 
least unit cost plus. Using the value X = .768794 obtained with n=5, 


we are able to compute the depreciation charges by means of the 
relation 


. 89 





D,= Y,X —O,-I, 

given in (3). This gives 
dD, = $417 ° 59 
Dz = 392. 65 
D;= 327.76 
Dy= 285.87 
Ds= 176.14 
$1,600.01 

or an error of one cent. 


'To obtain this accuracy the preceding computation was carried out to more places than here 
appear. 
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The results obtained hold good only if the machine behaves as the 
average machine of its type (only if the costs, output, etc., are as taken). 
Each individual machine, however, may be considered separately and 
its depreciation schedule modified from time to time in accordance 
with the machine’s behavior. At the end of each year data for that 
machine are available concerning its behavior up to that time. If the 
unit cost plus begins to exceed the estimate, due to larger operating 
costs or smaller number of units output than anticipated, the nature 
of the causes should be investigated. If the increased operating costs 
are due to increased costs of labor and materials almost entirely, and 
not to increased amounts of repairs; and if the decrease in the units of 
output, if any, is not due to the inefficiency of the machine; then it 
would not seem necessary to alter the depreciation schedule. That 
is, if the increase in the unit cost does not seem to be the fault of the 
machine, there is still reason to hope that the machine can be profitably 
used the number of years estimated. The unit cost plus will not 
remain constant, to be sure; but if general costs are rising it is only 
proper that the unit cost plus should also increase. 

If, however, an increase in unit cost plus occurs because of failure 
of the machine—if the amount of repairs exceeds the average, or the 
units of output is less than estimated due to inefficiency of the machine, 
or both—then it would appear that the machine should be discarded 
earlier than planned and an alteration of the depreciation schedule 
would seem desirable. The plan of computing the average unit cost 
(interest omitted) as described earlier in this paper (given by (1)) 
would here be helpful; especially in the case of a breakdown necessi- 
tating expensive repairs it would provide a means of quickly determin- 
ing whether the cost of the repairs would carry the unit cost past a 
minimum—and if the unit cost were carried very far past the minimum 
we could be sure, in general, that the unit cost plus would also have 
passed a minimum. 

Regarding a redistribution of the depreciation charges when we 
have concluded the machine should be discarded earlier than antici- 
pated, we may adopt any one of the several plans used in connection 
with other methods of treating depreciation: such as carrying on the 
depreciation schedule as planned even if the machine is discarded 
before the last depreciation charge is made, loading the last year the 
machine is used with all the remaining depreciation charges, or esti- 
mating how much longer the machine will last and reapportioning the 
remaining depreciation charges in any way that proves convenient. 
Familiarity with the machine, however, might make it possible to 
estimate what the operating costs, units of output, etc., for one more 
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year, two more years, and so on, would be approximately for a machine 
which has not been performing up to standard. If such estimate 
proves possible, the original method can then be applied over again 
from that point on, using as the cost of the machine its book value at 
that time, and the depreciation charges so redistributed that the unit 
cost plus will remain approximately constant for the remaining years 
of use. 

It is to be remembered, of course, that when the unit cost (or the 
unit cost plus, whichever is being used)has passed a minimum and 
+he question arises of replacing the old machine by a new one, the 
unit cost (or cost plus) should be compared with the estimated unit 
cost (or cost plus) for the new machine. Increased costs of labor 
and material may be such that even though the unit cost (or cost 
plus) for the old machine has passed a minimum it is still less than 
that for a new machine. If such is the case, the old machine should 
be retained until its annual unit cost (or cost plus) becomes greater 
than that for the new machine. And it is to be noted that here the 
only conjecture which enters into the problem is in the estimated 
costs for the new machine, an element of conjecture which is unavoid- 
able in any method but an element which can be minimized by a study 
of statistical data concerning the behavior of the average machine of 
the type under consideration. 

As earlier stated, it may often be undesirable to attempt keeping 
the unit cost constant, especially if the machine has a long useful life, 
making it probable that costs of labor and materials will increase and 
thus making it reasonable that the unit cost plus increase also. We 
shall consider letting the unit cost plus increase in two ways. 


First, suppose 
X2=Xi+h, X3=X+4d,, ° « 8 X,=X+4d, (13) 


If the increase in the unit cost plus is to be the same each year, then 
d;=2d,, dg=3d2, and so on. For the sake of generality, however, we 
shall not assume any relation among the d’s. Instead of equations (2) 
we now have 


x -Otht+D: _OrtIe+Ds 0,+1,+D, 
i= = —-ad= = 


Y, Y, «es Y, d, 





Hence 
D,= Y,X,:—0,—I,+4,Y; (14) 


where d,=O. It will be noted that the only difference between this 
value of D, and that given by (5) is in the addition of the term d,Y,. 





Es 


——— IS 8 SS Se 
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Furthermore, this term occurs in exactly the same way as O, except 
for the difference in sign. We may, therefore, write immediately 


Wat City-+3(1+1)"-"(0,—d,Y,) 
Xi = : 





; (15) 
2(1+1)""Y, 
1 


The determination of n to make X; a minimum (and thus the unit 
cost plus for the remaining years as small as possible with the constant 
increases as assumed) follows exactly the same steps as those explained 
in detail for formula (10). 

Finally, suppose that, instead of adding to the unit cost each year, 
we increase the unit cost by some per cent each year. These percent- 
ages may be the same or different, but as before we shall assume no 
particular relation among them. These percentage increases, what- 
ever they may be, may be changed to percentage increases of the unit 
cost plus of the first year. Or, for the sake of simplicity of statement, 
we may write the unit cost plus for each year as a constant times the 
unit cost plus of the first year, giving 


X2=K2X1, X3s=K3X1, . . ., Xe=KrXi (16) 
We then have 
X= AFAtD: _ 1 Otte tds _ = _ 1 0,+1,+D, 
Y; K, Y2 K, Y; 
Hence D,=K,Y,X:1—0,—I, (17) 
The only difference between this value for D, and that given by (5) 


is that we have the factor K,Y, in place of Y,. We may then write 
immediately 





WatCis,+2(1+1)" “0, 
1 


XAi= (18) 





2(1+7)" "KY, 
1 


where it is to be understood that K,=1. The application of this for- 
mula again follows the steps explained in the application of formula 
(10). 


In conclusion the author wishes to express the hope that the methods 
of treating depreciation presented in this paper represent a theoreti- 
cally sound point of view. Whether or not the unsatisfactory nature 
of the depreciation problem, with the ever present possibility of a 
machine suddenly becoming obsolete, makes the practical application 
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of these methods feasible, is for the reader to decide. At any rate, it 
is the author’s belief that these methods offer: first, a means of deter- 
mining more accurately than heretofore the average useful life of a 
machine of a given type; second, a logical basis for the distribution of 
the depreciation charges which equitably distributes the load, this 
distribution depending for accuracy upon statistical data and calling 
for revision (like all distributions) if the machine departs very far from 
the average; third, a method of determining when an individual 
machine should be discarded when that time arrives in which the only 
conjecture is in the estimate of the costs for a new machine. And, 
finally, much of the purpose of this paper will have been accomplished 
if it has made clear the interdependence of costs of output and depre- 
ciation, that the unit cost plus depends in part on how the depreciation 
charges are distributed, and that the useful life of the machine itself 
is also affected by such distribution and by the current interest rate. 
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NOTES 


THE BUSINESS CYCLE LARGELY A “DANCE OF THE 
DOLLAR”! 


By Irvine FisHer 


Hitherto the effort to explain and forecast the “Business Cycle” 
has been chiefly empirical. I suspect that we shall, in the future, make 
greater progress by employing more analysis. Instead of beginning 
with actual historical ‘‘cycles” which are, in each case, a composite 
resultant of innumerable forces, we shall trace the action of the chief 
forces themselves. I further suspect that the principal force affecting 
the cycle is the real rate of interest, the sum of the money rate of in- 
terest and the rate of appreciation (positive or negative) of the purchas- 
ing power of the dollar.? 

I here present some preliminary findings as to one only of the two 
components of the real rate of interest, namely, the appreciation (or 
depreciation) of the purchasing power of the dollar or, otherwise ex- 
pressed, the rapidity of fall (or rise) of the price level. 

The various business services which have sprung up during the last 
decade all seem to recognize that the price level is of vital importance, 
but its real rdle has been missed because the price level itself has been 
looked to instead of its rate of change. 

They have made the mistake of treating the price curve like popula- 
tion, trade, etc., which grow with the growth of the country, and have 
attempted to discover a “secular trend” and estimate the oscillations 
about this trend. Some of these services, when the war wrought its 
havoc with prices, simply omitted the price curve altogether through 
the period of greatest disturbance although it was precisely under 
such circumstances that its rédle in disturbing business was most im- 
portant and, as we shall see, most evident. 

The distinction between a curve portraying the price level and 4 
curve portraying its rapidity of change is the same sort of distinction as 
that between any mathematical function and its differential quotient 
or first derivative. It is exemplified by the distinction between dis- 


1 Expansion of remarks at the Annual Meeting of the National Monetary Association, June 7, 1923. 

? This view was foreshadowed in my “ Appreciation and Interest” (Publications of the American Eco- 
nomic Association, Vol. XI, No. 4, 1896, e. g. p. 410) and in subsequent writings. It was emphasized by 
me in the discussion at the dinner of the American Statistical Association, December 15, 1922. 
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tance and velocity, or velocity and acceleration, or energy and power, 
or the height of a hill and its steepness. 

The distinction is shown graphically in Chart 1 where the upper 
curve, P, is taken as the plot (on the ratio scale) of the price level while 
the lower curve, P’, plots (on the ordinary or arithmetical scale) the 
rapidity of change of the upper curve. In the first period the price 
level is rising at a constant rate. This is shown in P as a straight as- 
cending line. The steepness of this line, 7. e. the rapidity of its rise, 
say 2 per cent per annum, is shown as the height (2 units) of P’ above 


CHART 1 


LLUSTRATIVE LEVEL (P) “© ITS RAPIDITY 
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the zero line. As this height is constant throughout the first period, 
P’ remains horizontal. 

During the second period the price level remains constant so that the 
upper curve P is horizontal. Its slope is therefore zero so that the 
lower curve P’ is (horizontal) on the zero line. During the third period 
prices are falling. Thus P slopes downward half as fast as the initial 
upward slope and P’ is (horizontal) below zero (one unit). 

Beyond this point P rises at first rapidly but with diminishing 
rapidity until at the top of the arch it stops rising entirely and begins 
falling with gradually increasing rapidity. The lower curve P’ reflects 
these conditions by starting off at a high point and then gradually 
descending to the zero line, crossing it at a point under the arch of the 
upper curve, and then passing below zero. 

In analyzing business conditions it is P’ not P that helps. What 
concerns business is not whether prices are high or low but whether they 
are rising or falling. Thus rising prices stimulate business because the 
prices a producer can get outrun his expenses for interest, rent, salaries 
and wages, while falling prices depress trade. 

Chart 1 is, of course, purely hypothetical to illustrate the simple 
types of a steadily rising, a constant, and a falling price level and a price 
level the rate of rise (or fall) of which gradually changes. 
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Chart 2, on the other hand, shows actual statistical facts. The upper 
curve P plots the index number of the United States Bureau of Labor 
Statistics while the lower, P’, plots its rate of rise or fall. It will be 
noted that the curve P’, unlike P, oscillates about the zero line. We 


CHART 2 


(914 1915 (96 1917 198 1919 1920 1921 1922 


thus reach an oscillating barometer without the need of any of the usual 
corrections for secular and seasonal variations. 

What is now needed is to correlate two curves namely: (1) a curve 
representing business—the physical volume of trade? (duly corrected 
for seasonal and secular changes), and (2) a curve (like P’) representing 
the rapidity of change of the price level. 

In Chart 3 these two curves are given. Curve T plots the business 
barometer of the American Telephone and Telegraph Company, 
which is the nearest approach, yet available,’ to a barometer of physical 
volume of trade (duly corrected for secular trend and seasonal varia- 
tion). 

Curve P’ is the curve plotting the rapidity of rise or fall of the price 
level. It is analogous to the lower curve in Charts 1 and 2. But in 

1 Found for each month by taking the two index numbers for the months following and preceding, 
dividing the former by the latter, and subtracting unity. 

2 The concept of “business conditions” has been very cloudy in most business barometers; for these 
often include indexes of values and even of the price level itself. 


* Since this paper was prepared the Harvard Committee on Economic Statistics has prepared a more 
perfect barometer. It agrees closely however with the curve here used. 
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P’ the minor irregularities of P’ are smoothed out. That is, P’ is a 
moving average of P’, each ordinate being an average of eight consecu- 
tive ordinates of said “derivative’’, P’. Moreover it is a weighted 
average, the weights being 1, 2, 3, 4, 5, 6, 7, 8, for each eight consecutive 
ordinates of the “derivative” P’. 

To better show the correspondence between Curves 7 and P’ the 
ordinates of curve P’ are plotted four months ahead of the date of the 


CHART 3 


T 914 95 1916 1917 8 9 1920 921 





eighth or last of the ordinates of the ‘‘derivative’”’ P’ of which it is the 
average. 

Taken in these relative positions the ordinates of curves P’ and T are 
found to be correlated 79 per cent. 

Since P’ plots the rate of change of prices and so of the purchasing 
power of the dollar, we may say that it pictures the dance of the dollar 
while 7’ pictures the dance of business. The 79 per cent correlation 
tells us that business dances attendance on the dollar. 

The only case where the two curves widely diverge is during the 
months immediately following the sudden outbreak of war in 1914. A 
second but less pronounced case came in 1917 as the entrance of the 
United States into the War gradually hove into sight. 

Thus we find that this one element, rapidity of price movement, during 
the period 1914—22 seems to account, almost completely, for the ups 
and downs of business, the chief exceptions being readily ascribable to 
other disturbances. 

In the large swings of the last three years the “lag” between the 
dance of the dollar and the dance of business is greater than usual. By 
modifying the system of weighting the moving average P’ according to 
probability principles, the two curves can, I think, be made to corre- 
spond more closely. The present paper is only a preliminary report 
made for the meeting of the National Monetary Association. I am 
how engaged, with the help of the Standard Statistics Co., in working 
through various lengthy calculations in the hope of finding the best 
methods of computing P’. 

6 
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After such an analysis, it may be possible to make a synthesis with the 
rate of interest and other factors by which we can not only better under- 
stand, but also better forecast business conditions—to say nothing of 
controlling them. 









ABRIDGED LIFE TABLES FOR HEALTH OFFICERS 


ILLUSTRATED BY A SHORT TABLE FOR THE REGISTRATION STATES IN 192] 






By Cuares C. Grove, Statistical Bureau, Metropolitan Life Insurance Company 





This paper is to present on a single sheet the short form of a life table 
in complete detail, so that it can be followed by health officers towards 
learning how to make tables of theirown. The best way to learn how 
to construct a table is to construct one. Count on occupying two 
days in getting the steps of the process, then on more days to give you 
facility and speed in making other tables. Tables such as these have 
been constructed as a routine procedure in the Metropolitan Life 
Insurance Co. and, because they have proved advantageous, it was 
suggested by Dr. Dublin, that the method should be made gener- 
ally available. 

The best means available today of studying the value and effective- 
ness of public health efforts and measures is through the death rates and 
expectations of life tables. Personally, the writer, were he a physician, 
would not be satisfied to have his work thus judged. But, until we 
can get careful and accurate morbidity statistics, life tables must re- 
main the best means. When we can know with assurance of the inci- 
dence of diseases; the age, sex, color of the afflicted; the duration and 
outcome of the case; and have this information over a period of years, 
we can begin to form judgments as to the value of the present health 
movement. 

The process of making such abridged tables has been presented by 
Mr. George King in the Supplement to the Seventy-Fifth Annual Report 
of the Registrar-General of Births, Deaths and Marriages in England 
and Wales, Part 1,—Life Tables, pages 26 and following. This report 
is not easily available for all. In practice difficulties may arise in clos- 
ing out the table due to the uncertainty of the data at the older ages. 
Mr. King himself, locus citus, page 27, says, ‘‘At these older ages the 
statistics are very uncertain, and each case must be treated on its 
merits, and methods must be devised to meet its special difference, and 
in order that we may carry the table of log pz beyond the point to which 
the original data take it, we must arrange to have a final constant differ- 
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ence which is negative, and so to carry on the table by summation until 
it reaches a natural end.” 

This has reference to the closing out of column 8 of the table after an 
age such as 96 or 100. We cannot, however, employ this method from 
an age of 70 or 75 to the end and so must adopt other ways of closing 
out our tables. In the table given herewith as an illustration, we could 
have followed Mr. King’s method and would have obtained exactly the 
same final values as by using the method which we have been forced to 
employ almost regularly on our insurance data. The method of using 
a constant fourth difference will, however, not apply in extending 
column 14, N’z3. 

By use of the United States Tables and considering that the table 
under construction closes out at the same age as the United States 
Table for a similar population, we obtain a graduated extension of 
our table. Extending exposures and deaths formally leads to no better 
results. The method of graduating exposures and deaths separately 
is, however, found most satisfactory when adequate data are available. 
It is felt that a surer and simpler way is to base the extension on a care- 
fully made complete table, especially so in the making of abridged 
tables. 

Finally, we incorporate the method of Mr. Robert Henderson ! for 
getting death rates for ages under five years, and interpolate ages five 
and six, in order to run the table back to age 0. 

All these modifications and additions to meet special conditions and 
difficulties furnish a reason for offering this paper. 

For the full presentations of life tables in English see U. 8S. Life 
Tables, Government Printing Office, 1921, also review of same by 
Robert Henderson in this JourNAL, Vol. XVIII, N.S. 140, Dec., 1922. 

Later papers not incorporated are: The Determination of the Rate of 
Mortality at Infantile Ages from Statistics of the General Population, by 
H. H. Wolfenden. Transactions of the Actuarial Society of America, 
Vol. XXIV, Part 1, and Supplement to the Seventy-Fifth Annual Report 
of the Registrar-General of Births, Deaths and Marriages in England 
a Wales, Part II. Abridged Life Tables. By E. C. Snow, M.A., 

Se. 

From the returns of estimated midyear populations and deaths in the 
five-year age periods, 5-9, etc., we computed the quotients, deaths 
divided by population, and called them central death rates for the years 
of age, 7, 12, 17, ete. This procedure has chiefly to its credit that it 
gives results so nearly equal to the values secured in the complete 


‘The Adjustment of Population Returns at Infantile Ages in the Absence of Birth Sjatistics. Trans- 
actions of the Actuarial Society of America, Vol. XXIII, Part 2, pages 435 sq. 
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tables of the Bureau of the Census that the differences are well 
within the range of the errors naturally involved in the reported data 
themselves. 

After securing these central death rates m7, m2, etc. of column 1, we 
compute the death rates, probability of dying within the year after 
2m: 
2-+me 
The arithmetical complements of these values are the values p,, 

probability of surviving one year at age x of column 3. 

As above described, the values of columns 2 and 3 were obtained 
down to age 92 inclusive. In our regular work of making tables from 
insurance data, it might have been found necessary to stop at an earlier 
age. Since the same difficulties are likely to be encountered by health 
officers working with much smaller populations, the illustrative table 
is closed out as mentioned above and now to be described in detail. 

By comparison, Table 2 of the new United States Life Tables, 
pages 54-55, was found to represent an experience most like that for 
which our table is being made. We, therefore, set down for ages 92, 
97, 102, and 107, the values therein found for gz, column 4 of that table. 
The first differences of these values were written in the next column. 
We now assume that at present the terminal death rate, for age 107, 
remains unchanged. We then multiplied each separate first difference 
just found by the ratio of the difference between the death rate at 107 
and our rate at age 92 to the difference between the rates at the same 
ages in the U.S. Table. This ratio is found to be, as shown on the 
table, 1.1119354. The new first differences thus found are considered 
the first differences for our table, and are added successively to our 
Qe as shown on the table. 

The death rates for ages under 7 years were computed as mentioned 
near the beginning of this paper. First, Henderson’s method was 
employed to compute thc death rates for ages under five years. : Then, 
the rates for ages 5 and 6 were inserted by interpolation, using the U. 5. 
Life Table rates for ages 4, 5, 6 and 7, and their first differences in the 
same way as described above to extend the table from age 92. This 
work appears on the table in detail. 

That the reader may not be too blindly following a form towards 
getting the death rates for ages under five without having access to 
birth statistics, we present the following résumé of the paper by Mr. 
Robert Henderson. 

The reported and estimated populations at ages under five are seen 
to be irregular, with a slump at age 1, and with too few reported also at 
age zero. The same situation existed with respect to the census re 


becoming age 2, gz, of column 2, by the well-known formula g:= 
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turns of England in 1911. ‘In that case birth statistics were available 
for a number of years and an estimate of the population for the early 
years of life was made from them. This estimate agreed very closely 
in the aggregate with the census returns for ages 2, 3 and 4 last birthday 
combined, indicating that, in that case, the deficiency at the two young- 
est ages was an absolute one and not a mere transfer. Birth returns, 
where available in the United States, indicate that the same thing is 
true for the 1910 census returns in those states. It may therefore be 
assumed that the population, as estimated from the census returns, for 
ages 2, 3 and 4 last birthday combined, is correct in total, although 
subject to a possible redistribution so far as the figures for the individual 
ages are concerned. In order to effect this redistribution and to esti- 
mate the population for ages 0 and 1 last birthday, some further as- 
sumptions are necessary. The nature of these assumptions can perhaps 
best be seen from an explanation of the principles on which the estimate 
may be made.” 
The following symbols are used by Mr. Henderson: 


6.=total deaths at age z last birthday during the period of 
observation. 
2=that portion of the above which had attained age z during 
the calendar year in which death occurred. 
2410:=the remainder or those which would have attained age z+1 
during that year. 
— 62 = 202+ 24102 
= $:-,+202. or total deaths at mean age z. 
\z=the number attaining age z during the period. 
iP; will denote the sum of those living at age z last birthday at 
the beginnings of the calendar years of observation. 
:P:=corresponding sum for the ends of the calendar years. 


P,=total number of years of life lived during the period at age z 
last birthday or n times the average population in that 
year of life, in which n=number of years in period of ob- 
servation. 


Generally, the deaths for three years are employed and the popula- 
tion at the middle of that three-year period. In the illustration we 
had deaths for only two years and so took the population as of January 
1, 1921. The constant annual increase is obtained from the popula- 
tions of January 1, 1920 and 1921. 
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Henderson’s equations, which are not difficult to translate and so 
verify, are: 


Az = 22+2Pz 
1P2= 24:02 + Aeqi = 24102 t 240241 +2P 241 = 2410 +2P 241 
2P2=rz-iP2; Pz=pz-1Pz 
P2= 241047241 ‘ 1P 241 
Pot+P3st+Pa= pr > 9+ (p2rs+ ps) O+ (pat stat past pa) Ps 


If we assume that rz is the same for all values of zx and put r for this 
ratio, the above equations (3), (4), and (5) become 


2Pz=r - 1P2; P,=r' - ,P, (3a) 
1P2= 24:9+7 + Pris (4a) 
r(Po+P3+P,) =0+(r+1)0+(r?+r+1),P, (5a) 


These latter equations are used on the illustrative table. 

One of the particular merits of the form of table to be presented is 
that there is an independent check on the work without actually making 
the same computations the second time. For instance, the sum of the 
gz and p, columns equals the number of items in each of these columns, 
because one is the arithmetical complement of the other. The checks 
on the accuracy of the remaining work involve the calculus of finite 
differences. 

From a knowledge of the probability of a person of age z living one 
year, P,, we wish to know the probability of a person of age z surviving 
five years. Since the probability of living five years from age z is 
equal to the product of the separate probabilities of living one year 
from each of the ages z, +1, r+2, x+3, x+4, it is better to use the 
logarithms of the probabilities pz, pzr4s, P20, etc., and to interpo- 
late by the calculus of finite differences the values of the intermediate 
probabilities, p24:, Pr+2, etc.; then to take the sum of the logarithms 
of these probabilities five at a time in order to determine the logarithms 
of the probability of living five years from age z, etc. In this way 
general expressions are obtained which give at once the values of the 
probabilities of living five years from age x. They are formulas (A) 
and (B) in later paragraphs. 

The fourth column of the table is then the logarithm of pz; but, since 
all of the probabilities pz are less than unity, the characteristics of the 
logarithms of the same are negative and we write in column 4 the 
actual negative value in red ink using six-or seven-place logarithm 
tables. These values must be checked at once, preferably by a differ- 
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ent person than the one who wrote them originally and possibly by the 
use of a different table of logarithms. Care must be taken in subtract- 
ing a numerically larger negative value from a smaller one to write 
the difference in black ink to indicate that it is a positive quantity. 
This observation applies to all difference columns in the table. The 
three succeeding columns, 5, 6, and 7, represent respectively the first, 
the second and the third differences of column 4, log pz. By means of 
the formulas derived by Mr. King and these last four columns, we may 
compute the values found in the eighth column, log spz. It can be 
seen that each difference item is found on the line with the earlier 
number of which it is a difference, that the lines across the table start 
with all columns filled and that they drop off one line in each succeeding 
column at the end of the columns, that is, for the highest ages. It is 
convenient to fill in column 8 beginning with the second item, as for 
age 12, computed from the four previous items on the line of age 7. 
This is done by use of the equation: 


log spz4s=5 (log pz) +7A (log pz) +1.6A* (log pz) —.2A* (log pz). (A) 


Thus, the values of the log spz, which are all negative, are computed 
for ages 12, 17, 22, etc., to the third age from the end of the table e.g., 


log sp = 5( — 12229) +7(+3096) + 1.6(—8511) —.2(+9119) 
= —49724.8. 


Bear in mind that the numbers are the arithmetical complements of 
seven-place logarithms, so that this final value is really —.00497248, 
with eight decimal places. We have at hand eight-place tables and 
so can read off the numbers at column 10 without interpolation. 

All the values of column 8 are computed on a machine, like the little 
Archimedes, by successive operations, allowing the sum to accumulate 
in the machine. No writing or transcribing of figures is therefore 
necessary beyond what is shown on the face of the illustrative table. 

In order to check the work of the fourth, fifth, sixth, seventh and 
eighth columns, we employ a theorem of the calculus of finite differences 
which states that the initial item of a column plus the sum of the first n 
differences equals the nth term of the original column. Therefore, if a 
listing adding-machine is available, we take the sums of the three 
difference columns separately down as far as the shortest or third 
difference column extends and then take the sub-total. In the case of 
the third difference column, this sub-total has added to it the initial 
item of the second difference column and the total is then taken. This 
total must equal the last item of the second difference column provided 
the work is correct. The second difference column is summed as far 
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down as stated and the sub-total is taken. To this is added the last 
item of that column and also the initial item of the first difference 
column, and the total is taken. This total equals the last item of the 
first difference column. Similarly, the first difference column is added 
to the point indicated, the sub-total taken, to this is added the last two 
items and the initial item of column 4, log pz, and the total is taken. This 
must equal the last item of column 4, log pz. Next, add column 8, log 
sPz, as far as it has been filled in. That is, the first item will be absent 
and the column will extend one item below the line of sub-totals. This 
sum is what one must get by applying, in formula (A) given above, the 
values of the sub-totals for the respective columns. Thus the work has 
an almost absolute check by means of the adding-machine tapes and a 
single application of the formula to the respective sub-totals. Should 
the sum and the result from the use of the formula not agree, it may be 
possible to locate very easily the place of error by observing what the 
difference is and where it might occur on account of its value. 

Having checked all the work of the table thus far, we next insert the 
value of log sp7 by applying the items on the line of age 7 in columns 
4, 5, 6 and 7 in the formula. 


log spz=5 (log pz) +2A(log pz) —.4A*(log p,)+.2A*(log pz). (B) 


Thus, 


log sp7= 5( — 12229) +2(+3096) — .4(—8511) +.2(+9119) 
= —49724.8, which is really —.00497248. 


We next turn our attention to the beginning of column 10, which is 
headed l,. For age 0, we choose as radix, 100,000, that is, we assume 
100,000 persons born alive to find out the numbers of these that will 
remain alive in the succeeding years or five-year periods. Since pz 
is the probability of a person of age z, living one year, lz41=pzXls. 
Therefore, )Xpo=1,; that is, you multiply 100,000 by the value of 
Po and insert the product as l,. This value we then multiply by » 
to get /., and so on down the column until we obtainl;. The logarithm 
of this number I, is then written to 7 or 8 decimal places (one more than 
shown by the log tables used with column 3) in column 9 on the line of 
age 7. 

These first figures of column 10 were computed originally to two 
decimal places, and were then smoothed out to the nearest integral. 
Likewise, the subsequent numbers of column 10 had decimals retained 
in the original, because, in practice, in dealing with finite differences, 
there is no gain in cutting down the number of places carried. We 
must always consider the coefficients in a difference formula and in 
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view of them determine how many added places should be carried to 
give accuracy to the extent desired. Unless only rough results are 
required, we must emphasize this point in dealing with finite difference 
formulas. Our original number in column 10 for age 7 was 89344.64, 
which has for its logarithm the number found in column 9. No changes 
were made in the latter column, because we thought many workers 
would not have access to eight-place tables and could cut these off to 
accommodate their own five- or six-place tables. 

In the original work, we also closed out columns 10 and 15 by means 
of extrapolation from the above cited U. 8. Life Table, using the single 
ages and retaining three decimal places, in order that we might maintain 
a smoother junction of values in column 16. For general health 
workers, due to the uncertainty of these old-age figures at best, we 
simply closed out the table with integral numbers and suggest that 
workers in reporting their returns, as we should do for this table, stop 
with age 97. Therest is simply useful in the calculation, in order to get 
a fairly accurate value for that age, 97. 

To this value of log J, in column 9, we add, in order, the negative 
value found in column 8, log spz, to obtain in succession, the values of 
column 9 so far as the items of column 8 will permit. The numbers 
corresponding to the several logarithms of column 8 are then written 
in column 9. This work of looking up logarithms and anti-logarithms 
must be carefully checked before proceeding further with the table. 

Beginning with age 7 of column 10, we form three difference columns 
just as we did from column 4 of the table. Column 10 with its three 
difference columns is then used to compute the function N’.g, column 
14, which expresses the sum of the five values of the column /, (of the 
complete table by single years of age) from age z+1 to age z+-5 in- 
clusive. The formula used to compute these values, except for the 
initial age 7, is 


N’ 2459 = 5l-+ 8Al,+ 2.6A71.— 2A‘. (A’) 


All the values of column 14 are thus filled in, down to the item on the 
next line below the last item of the third difference column. Remember 
that, as in the former case so here, sub-totals are taken after the age 
line on which the last item of the third difference column appears. 
The accuracy of the computations of column 14 is then determined by 
taking the sum and applying the four sub-totals of columns 10, 11, 12 
and 13in the aboveformula. After the work is thus checked and found 
to be correct, the item on the intial age line of column 14 is then inserted 
by the use of the formula 


N’a = 5l.+ 3Al.— AA*1,+ 2A‘. (B’) 
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The further items of column 15, above the one thus inserted in 
column 14, are obtained in order, by adding to the item of column 15 
the item of column 14 on the line above, and placing the sum on that 
same line in colurin 15. That is, the item of column 15 equals the 
sum of the items of column 14 up to and including the item on the same 
line with it. Above age 7 we get the sum of the item of column 15 
and the item of the next line above of column 10, I, to obtain the item 
on that same line in column 15. 

Column 16 is obtained by dividing for each age separately, the item 
of column 14 by the corresponding item of column 10 and adding .5 to 
the quotient. 

It is far more difficult to state in an article, such as this, what the 
full procedure is, than it would be to present the matter orally. It is, 
however, hoped that the accompanying sample table may be followed 
completely in its formation by means of the above description. The 
value of such work will fully repay all the time and effort required to 
master it. 


EXTRACTS FROM PRESIDENTIAL ADDRESS OF M. DELATOUR AT 
THE FIFTEENTH MEETING OF THE INTERNATIONAL STATIS- 
TICAL INSTITUTE AT BRUSSELS, OCTOBER 1, 1923 


During the terrible storm of war which overturned the world, Bodio thought 
constantly about the future of the International Statistical Institute, for which, 
as president, he was responsible, and of the greater interest of statistics, to which 
his life had been dedicated. He knew that after the war the need for statistical 
information would be greater than ever, and feared that the persons who would 
then be guiding the nations might seek in statistics which would be untrust- 
worthy if not biased the foundations upon which to base important conclusions. 

When the Council of the League of Nations decided to appoint a committee to 
examine the bases on which international statistics should be organized, Bodio 
was naturally chosen at the start as a member and asked me to unite with him in 
representing the Institute. The committee met at Paris, October 11 to 15, 1920, 
and Bodio was unanimously chosen for the chairman. He opposed the project 
to ask the Secretariat of the League of Nations to undertake for itself the prepara- 
tion of international statistics. At his suggestion, and in codperation with MM. 
March and Methorst, I proposed an alternative which would safeguard the 
autonomy of existing international organizations and give the Institute a position 
as technical adviser to the League, a réle which would be purely scientific and 
entirely impartial and one for which it seemed eminently fitted by the high 
authority of its previous work, the scrupulous care with which its members are 
chosen, and its entire independence of governmental control. 

Thanks to Bodio’s energy, prestige, influence, and profound conviction, this 
proposal was adopted by a vote of 9to3. We had reason to believe that it would 
be ratified speedily by the Council of the League of Nations, and our President 
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was beaming with joy. The 15th of October, 1920, was for him a red-letter 
day. He believed that as a result of the committee’s work international sta- 
tistics was at last on the way to surmount gradually those obstacles against 
which in the past it had often stumbled and that the Institute would thus be 
placed in a position to receive all the international statistics required by the 
League of Nations, to discuss their scientific aspects, and to recommend methods 
appropriate for their analysis. ; 

The plan for an international organization of statistics which resulted from 
the discussions of the Paris committee was sent at once to the Council of the 
League of Nations accompanied by a report from M. Lucien March, but the 
conclusions were opposed by a minority report from three members; and in view 
of this disagreement the Council thought that before coming to a decision it 
should ask the opinion of each country belonging to the League. 

This procedure could not lead to a speedy result; indeed, when the report was 
laid before the Assembly of the League in September, 1921, only sixteen states 
had replied (ten favoring and six opposing the report of the majority). So the 
question of how to organize international statistics was again postponed and 
remains still in that position. 

This postponement is most unfortunate, for the plan recommended by the 
Committee would have led international statistics gradually to approach the 
goal proposed by the founders of the Institute in drafting the first article of its 
constitution, and at the same time it would have given the Institute an opening 
for fruitful activity in the very field which it had thus traced. In preparing these 
statistics it would not have challenged the independence of other organizations or 
put any government under obligation to adopt one method or another. Rightly 
without any desire to exert pressure or any means to do so if it should desire it, the 
Institute would merely have given its opinion on the methods employed and the 
means to be used for avoiding certain errors. In this way safeguards would have 
been provided, we believe, for the interests of the several nations, the independ- 
ence of other international organizations, and the prestige of the League of Na- 
tions, which would have been protected against the danger of lending its au- 
thority to statistics which were unscientific, erroneous, or biased. 

Fortunately, as the need for comparable statistics in order to follow the eco- 
nomic movement became more pressing, the question of international statistics 
could not but be raised again, although this time in a different form. That oc- 
curred in April, 1922, at the Genoa Conference, which sent the League of Nations 
& recommendation about the need for the general adoption of common principles 
in gathering economic statistics. 

In looking for means to comply with this recommendation, the Economic 
Committee of the League of Nations called the attention of the Council to the 
considerable work in that direction already accomplished by the Institute and 
appointed a sub-committee to examine the possibility of collaborating with it. 
M. Methorst, the Secretary-General, and I were invited to Geneva for a confer- 
ence, and as a result a joint committee was appointed, having four members from 
the Institute and four from the Economic Committee. It was charged with 
drafting a series of topics in economic statistics to be submitted for the considera- 
tion of the Institute. 
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PROGRESS OF WORK IN THE CENSUS BUREAU 


FOURTEENTH CENSUS REPORTS 


Three more volumes of the Fourteenth Census reports have recently been 
published, namely Volumes II, V, and VIII, which are respectively the general 
reports on Population, Agriculture, and Manufactures. Of the eleven volumes 
constituting the main reports, all have now been printed except Volume IV, on 
Occupations. The Abstract of the Fourteenth Census has also been published. 


QUINQUENNIAL CENSUS OF AGRICULTURE 


Arrangements are being made to take a census of agriculture in 1925, as re- 
quired by the Act providing for the Fourteenth Census. A similar provision, 
requiring a census of agriculture to be taken in 1915, was contained in the Act 
providing for the Thirteenth Census, but was never carried out because Congress 
failed to make the necessary appropriation for it. The cost of an agricultural 
census has been estimated at $4,000,000, and this item has been included in the 
estimates submitted for the Budget by the Secretary of Commerce. A com- 
mittee representing the Department of Agriculture and the Bureau of the Census 
has prepared a tentative schedule and outlined plans for the enumeration. 


USES OF LAND 


The data concerning “uses of land” reported on the farm schedules of the 
Fourteenth Census are now being tabulated, half of the expense being borne by 
the Department of Agriculture. The six inquiries covering acreage of land 
in crops harvested, in crops which failed, of crop land lying idle or fallow, of 
woodland pastured, of pasture land capable of being plowed and used for crops, 
and of other lands used only for pasture, were included in the farm schedule at the 
request of the Department of Agriculture, but the time and funds were not suf- 
ficient to permit the tabulation of these data as a part of the main census. 


BIENNIAL CENSUS OF MANUFACTURES 


Preparations are being made for the second biennial census of manufactures, 
which will cover the current year, 1923. Of course the work of collecting the 
data cannot begin until after the completion of the year. In the meantime the 
schedules are being printed. The items of information called for include: Num- 
ber of proprietors and salaried employees, number of wage-earners each month, 
total salary and wage payments, time in operation, cost of materials, and value 
and, wherever practicable, quantity of product. To this list, which is the same 
as that for 1921, two new inquiries have been added, one as to power owned and 
rented and the other as to coal used and on hand. There is also a question ask- 
ing for an estimate of the percentage of actual as compared with possible full- 
time output. The canvass will be limited to establishments reporting a product 
of not less than $5,000 in value. 
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CURRENT PRODUCTION STATISTICS 


The compilation of monthly, quarterly or semi-annual production data by 
the Bureau of the Census is being rapidly expanded with a view to furnishing 
current statistics reflecting the business movement of the country. Monthly 
statistics of the cotton industry, including production, consumption and stocks 
on hand, and quarterly statistics of leaf t.bacco stocks have been collected for 
many years. It is hardly necessary to describe these features of census work, 
as they are well known and generally appreciated. More recently, however, 
and especialiy within the last few months, the collection of current production 
statistics by the Bureau has been extended until it now covers the following 
industries in addition to the cotton and tobacco industries: 


Boots and Shoes: Production; monthly, beginning November, 1921. 

Cast Iron Pipe: Production, orders, sales and shipments of bell and spigot pres- 
sure pipe; monthly, beginning June, 1923. 

Clothing, Men’s and Boys’ Ready-to-Wear: Number of garments cut; monthly, 
beginning February, 1923. 

Clothing, Work: Number of garments cut, sold, in stock and orders canceled; 
monthly, beginning June, 1923. 

Fats and Oils: Production, consumption and stocks; quarterly, beginning 
January, 1919. 

Hides, Skins and Leather: Stocks of hides and skins and stocks and production 
of leather; monthly, beginning September, 1920. 

Hosiery: Production, orders, shipments and stock; monthly, beginning February, 
1923. 

Leather Gloves and Mittens: Number cut; monthly, beginning May, 1923. 

Malleable Castings: Production, shipments and orders and monthly capacity; 
monthly, beginning May, 1923. 

Mechanical Stokers: Number and horsepower of stokers sold and kinds of in- 
stallation; monthly, beginning January, 1923. 

Paints and Varnish: Production and sales; semi-annual, beginning 1922. 

Pyroxylin Coated Textiles: Shipments and orders, production of pyroxylin 
spread, and monthly capacity of plant; monthly, beginning March, 1923. 

Sulphuric acid and acid phosphate used in the manufacture of fertilizers; pro- 
duction, stocks, and consumption; semiannual, beginning 1922. 

Wheat Ground and Wheat-Milling Products: Production and daily capacity of 
mills; monthly, beginning May, 1923. 

Wool Consumption: Quantity consumed by manufacturers; monthly, beginning 
May, 1922. 

Wool Machinery, active and idle: Number of active and idle looms, cards, combs 
and spinning spindles and active and idle machine and spindle hours; 
monthly, beginning June, 1919. 

Wool Stocks: Stocks of wool, including tops and noils, held by manufacturers 
and dealers and foreign wool afloat to the United States; quarterly, beginning 
June 30, 1922. (Jointly with Department of Agriculture, which collects 
data from dealers.) 
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The above list of industries, it should be noted, includes only those for which 
the original data are compiled directly by the Bureau of the Census from sched- 
ules filled out by the individual manufacturers. It does not include the long list 
of industries for which the Bureau receives and publishes in the Survey of Cur- 
rent Business figures supplied by other government bureaus, Federal or state, or 
by trade associations, technical journals, and other agencies. 


MARRIAGE AND DIVORCE 


The returns for the marriage and divorce inquiry are practically complete and 
the work of tabulation has begun. In the meantime a series of press summaries 
has been issued giving for each state the number of marriages and divorces by 


counties. 
COMMERCIAL STOCKS OF COAL 


In view of conditions in the coal industry as the time approached for the re- 
newal of the biennial working agreement at the close of March, 1922, the Secre- 
tary of Commerce deemed it advisable to secure information as to the current coal 
stocks in the country and authorized the collection and publication of such data . 
by the Census Bureau in coéperation with the Geological Survey. The first 
report was for November 1, 1921, followed by two reports at intervals of two 
months. The work was resumed in the fall of 1922, the data being of importance 
to the Federal Fuel Distributor in determining policies for the proper distribution 
of coal. Reports were made monthly or quarterly from October 1, 1922, to 
September 1, 1923. The Census Bureau secured returns from retail dealers 
and industrial consumers, and the Geological Survey from public utilities, 


railroads, and other consumers. 
J. A. H. 


ECONOMIC SURVEY OF THE NEW YORK REGION 


As a part of the investigation preparatory to regional planning being made by 
the Committee on Plan of New York and Its Environs, an extensive study of the 
economic organization of New York City and the surrounding region was made 
during the past summer under the direction of Professors Roswell C. McCrea and 
Robert M. Haig of Columbia University, as directors of the Economic and In- 
dustrial Survey of the Committee. The study included analysis of the actual 
distribution of the industrial, financial, and commercial establishments in the 
region. The records of state inspection departments of the states of New York, 
New Jersey, and Connecticut furnished the major part of the raw material for 
this portion of the study. The amount and character (in terms of land and 
rental value) of space requirements, the relative size of establishments in respect 
to location, and the changes in space demands during the period since 1900 were 
studied in detail for nine groups of fabricative industries, for finance, and for 
wholesale and retail trade. Analyses were made for each of the four years 
1900, 1912, 1917, and 1922. Approximately 100 wall maps of the region were 
prepared in the course of the study showing the distribution of establishments by 
character of industry and size of establishment. 
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The investigation was made with exceptional dispatch. The staff of investi- 
gators for the special studies was engaged on June 1 and the reports of the in- 
vestigations were completed at the beginning of October. The summary report 
of the study by Professors McCrea and Haig will be issued at once as a separate 
volume, under the title, The Economic Activities of New York and Its Environs, 
a Summary of Trends and Tendencies with respect to Space Demands. The 
supporting reports of the twelve special investigations will be issued in combina- 
tion as a single volume and also as separate pamphlets. The subjects of these 
special studies and the authors are as follows: 


(1) Chemicals, Mabel Newcomer, associate professor of economics, Vassar 
College 
(2) Metal products, V. W. Lanfear, assistant professor of economics, Yale 
University 
(3) Women’s garments, Henriette R. Walter, formerly investigator, Russell 
Sage Foundation 
(4) Men’s wear, B. M. Selekman, investigator, Department of Industrial 
Studies, Russell Sage Foundation 
(5) Printing, A. F. Hinrichs, instructor in economics, Columbia University 
(6) Wood products, Mark C. Mills, instructor in university extension, Columbia 
University 
(7) Tobacco products, Lucy B. Winsor, formerly fellow in economics, Columbia 
University 
(8) Food products, Faith M. Williams, fellow in economics, Columbia Univer- 
sity 
(9) Textiles, W. C. Couper, instructor in economics, Yale University 
(10) Financial establishments, R. W. Roby, instructor in economics, University 
of Rochester 
(11) Wholesale trade, George Filipetti, instructor, School of Business, Columbia 
University 
(12) Retail trade, L. M. Orton, Cornell University 


THE NEW HAMPSHIRE SURVEY 
A MOovEMENT TO VITALIZE A FEDERAL STATE 


A group of public-spirited citizens in the state of New Hampshire is starting 
& movement which is rather unique in connection with progress in the sister- 
hood of federal states in this country. They have observed from census returns 
and other sources that their state is lagging somewhat in population, in develop- 
ment of natural resources, in growth of industry and in other elements which 
serve, combined, to represent progress and prosperity. Under the leadership 
of two or three public-spirited men, a meeting of about thirty representative 
citizens of the state was held at the University of New Hampshire under the 
guidance of the president of the institution, in late August, and after a serious 
and lengthy discussion of various phases of the state problem the following 
definite procedure was outlined: the appointment of a committee of five (to 

7 
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be later increased), of which the president of the University should be chairman: 
to supervise the preparation of a careful survey of the state. This survey was 
to form a sort of account of stock, so that there might be in the hands of those 
who were to take up the problem of improving conditions, a definite statement 
as to the possible resources of each town; population changes in the state by 
towns and areas available for different kinds of products; changes in racial stock; 
changes which have been in progress in age groups and those also which have 
occurred in the movement from country to city and the departure of natives of 
New Hampshire to other regions; a careful analysis of agricultural possibilities 
by small areas and also of allied industries such as cattle, dairying, poultry- 
raising, etc., and the possibilities which exist in connection with these products 
by marketing in large urban areas near the state. This survey was also to in- 
clude a study of lumbering, water-power, condition of education, educational 
facilities. It was decided that after this rather ambitious program had been 
worked out, the original group of thirty was to be called together to formulate 
their program, based upon the findings, and that a large number of citizens 
were then to be called together to form a great representative gathering, at 
some central point, to deliberate upon the findings and the program and, if 
approved, to take steps to emphatically put the latter into effect. 

After a careful study of citizens of the state available to help in the prepara- 
tion of this survey, the president of the University summoned his committee to 
meet in Manchester the latter part of September and expanded it from five toa 
larger number better capable of deliberating on the problem in hand. This 
group decided upon certain subcommittees to take up various phases of the task 
with definite instructions as to amounts that might be expended for assistance, 
clerical or expert, and with definite instructions to proceed promptly to the 
task. The groups thus designated are taking up their tasks with great enthusi- 
asm and earnestness, and it is probable that a very striking and unique compila- 
tion will result from their labors; but it is the determination of those most in- 
terested that the work shall not stop there, as so often happens with surveys, 
but that this study shall be made merely the stepping stone from which to 
decide upon a definite policy for the development of the state of New Hamp- 
shire. 

Vermont and Maine are in a condition similar to that of New Hampshire with 
relation to needs in population, agriculture, manufactures, etc., but it is evident 
that New Hampshire, one of the Original Thirteen states, is leading the way for 
her north country sisters in an effort to secure finer and stronger results. It is 
natural that this should be the ambition of the old native stock, upon whose 
shoulders has fallen in years past the task of developing the Union. 

After the meeting in which the work of the subcommittees was outlined 
President Hetzel of the State University prepared a brief statement of the objec- 
tives and of the subjects to be considered. His statement was as follows: 


1. A searching survey and catalog of the resources of New Hampshire. 
2. With this as a foundation, to set up a program designed to bring about the 
fullest development of the state. 
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3. With such a program as a guide: 
a. To enlist the active participation of the people of the state, particularly 
through their organizations and associations. 
b. To attract to the state persons and resources that give promise of 
contributing to its further growth, prosperity and well-being. 


The subcommittees authorized to initiate the undertaking are as follows: 


. Agriculture, including forestry. 

. Manufactures and miscellaneous industries. 
. Mineral products. 

. Population. 

Water and electric power. 

Transportation. 

. Education. 

Resorts and recreation. 

. Organization and publicity. 


(CO NID OO me 


The leaders in this interesting and unique movement in New Hampshire are 
President R. D. Hetzel of the State University at Durham; Major Frank Knox, 
Editor of the Manchester Union; Ex-Governor Robert P. Bass of Peterboro; 
William S. Rossiter, President of The Rumford Press at Concord and former 
President of the American Statistical Association; Andrew L. Felker, Com- 
missioner of Agriculture; W. R. Brown of the State Forestry Commission at 
Berlin; Huntley N. Spaulding of the New Hampshire Educational Commission, 


an influential manufacturer of Rochester; H. N. Sawyer and G. M. Putnam, 
heads of the State Grange and Farm Bureau work; E. D. Sargent, President of 
the New Hampshire Manufacturers’ Association; and Captain John G. Winant 
of St. Paul’s School. These, however, are but representative individuals in a 
list of thirty or forty in the state, thus insuring a successful and significant 
outcome of an unusual movement to develop in systematic fashion not a new 


state, but one of the historic original states of the Union. 
W.S. R. 


MISCELLANEOUS NOTES 


Australian Statistics Plan.—At a conference between Commonwealth and State 
Ministers held in Melbourne, in May, 1923, with a view to securing unification in the 
collection of statistics the following plan was proposed: 

1. Collection and compilation of statistics now under State Control to be placed 
under control of a Commonwealth Bureau. 

2. State statistical officers to be transferred to the Commonwealth Service as in the 
case of patents, lighthouses, et cetera. 

3. Local branch of Commonwealth Bureau to be established in each State. 

4. Statistical data to be furnished direct to Parliament, the press and public of 
each State by local branch of the Bureau. 

5. Comparative data for States and Commonwealth to be printed and published 
by a Central Bureau. 
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6. Full statistical data for each State to be available for public information, al- 
though not printed. 

7. Registration of Births, Deaths and Marriages, and Registration of Friendly 
Societies to remain State functions. 

8. The compilation of vital statistics to be carried out at the Central Bureau from 
data supplied by the State Registration Departments, as at present. Compilation 
and publication of vital statistics by State Registration Departments to be abandoned. 

9. State Governments to grant the services of their police for the collection of 
agricultural, pastoral, dairying, and manufacturing statistics on the same terms as 
such services are now made available to the State statisticians. 


Public Health Association Meeting.—A number of the papers read and committee 
reports presented at the sessions of the Vital Statistics Section at the annual meeting 
of the American Public Health Association, held at Boston, October 8-11, will be of 
interest to members of the American Statistical Association. These papers and com- 
mittee reports will be published from time to time in the American Journal of Public 
Health. Among them may be mentioned: 

1. The Relation of the Foreign Population to the Mortality Rates of Boston, by 
Dr. William H. Davis, Chief Statistician, Bureau of the Census, Washington, D. C. 

2. Contributory Causes of Death, Their Importance and Suggestions for Their 
Classification, by Louis I. Dublin, Ph.D., Statistician, and George H. Van Buren, 
Supervisor, Statistical Bureau, Metropolitan Life Insurance Company, New York. 

3. Uniform Classification of the Joint Causes of Death, by John O. Spain, Bureau 
of the Census, Washington, D. C. 

4. The Course of Mortality from Puerperal Septicemia for Certain States in the 
United States, by Dr. Gaius E. Harmon, Western Reserve University, Cleveland, 
Ohio. 

5. The Elements of a Complete Morbidity and Mortality Report, by Dr. Haven 
Emerson, Department of Public Health Administration, College of Physicians and 
Surgeons, Columbia University, New York. 

6. A Study of the Incidence, Mortality and Fatality of Diphtheria, by Dr. W. J. V. 
Deacon, Director, Bureau of Communicable Diseases, State Department of Health, 
Lansing, Michigan. 

7. Service of Epidemiological Intelligence and Public Health Statistics, by Dr. 
Norman V. Lothian, Field Epidemiologist, League of Nations, Geneva, Switzerland. 

8. Report of the Committee on Educational and Professional Standards for Vital 
Statisticians, by Edwin W. Kopf, Assistant Statistician, Metropolitan Life Insurance 
Company, New York. 

9. Report of the Committee on Public Health Climatology. 


Public Employment Office Administration.— An extended report of the investigation 
recently made by the Russell Sage Foundation of the organization and administration 
of public employment offices in the United States is now in press and will be issued at 
about the first of the year, under the title, Public Employment Offices, Their Structure 
and Methods. The report is prepared under the direction of Shelby M. Harrison, 
Director of the Department of Surveys and Exhibits of the Foundation, who was 2 
charge of the survey, and in collaboration with Mary La Dame, Leslie M. Woodcock, 
J. B. Buell, and F. A. King. The report discusses the purpose, organization, and 
conduct of public employment offices in the United States, and also draws upon the 
experience of Canada and England. The problem of office records and statistics 
is given special attention, as is the need of a national system of employment offices 2 


this country. 
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Report on Motion Picture Attendance.—The National Board of Review of Motion 
Pictures (70 Fifth Avenue, New York City) has issued a monograph report of the 
results of a statistical investigation into the preferences of high school students as to 
motion pictures and their habits of attendance upon such exhibitions. The inquiry 
is based upon returns from 37,500 individuals of both sexes from some 60 cities and 
towns of the United States. “The Attitude of High School Students toward Motion 
Pictures” is the title and the author is Clarence Arthur Perry of the Russell Sage 


Foundation. 


Association of Labor Officials Appoints Committee on Statistics.—At the annual 
meeting in June, 1923, of the Association of Governmental Labor Officials of the 
United States and Canada, a resolution was adopted authorizing the appointment 
of a committee “to recommend standard methods of collecting, compiling, and pre- 
senting statistical data by state labor offices with a view to increasing the value of 
their reports.”” The membership of the committee appointed is as follows: 


Herman R. Witter, Director of Department of Industrial Relations, Ohio, chairman 
Carl Hookstadt, U. S. Bureau of Labor Statistics 
T. A. Wilson, Commissioner, Bureau of Labor and Statistics, Arkansas 
Fred M. Wilcox, Chairman, Industrial Commission, Wisconsin 
Louise E. Schultz, Superintendent, Division of Women and Children, Industrial 
Commission of Minnesota, Secretary 

The Committee on Governmental Labor Statistics of the American Statistical As- 

sociation is codperating with this committee. 


What the Committee on Membership Is Doing.—During the fall of the year, the 


Committee on Membership will endeavor to interest teachers of statistics in colleges 
and universities in securing student membership for the Association. Instructors 
should send in applications from promising members of their classes. The object of 
such effort should be to enlist the interest of the students and to give them the benefits 
of the JouRNAL and of contact with the working members of the Association. 


The Department of Public Health of Toronto, Canada, assisted by the Dominion 
Bureau of Statistics, has recently completed a survey of the height and weight of 
Toronto school children, for the purpose of determining standards for local use and to 
study the relation of physique to age, race, and school progress. The measurements 
of 60,000 children were obtained in the course of the investigation. It was found that 
only 17 per cent of the children were born outside of Canada, a proportion which is 
considered small for a young country. The results of the survey will be compiled for 
the use of the local and Federal Departments of Health. The promotion of similar 
studies in other Canadian cities is planned by the Federal Department. 


W. V. Bingham, of Carnegie Institute of Technology, has been elected Editor, and 
L. L. Thurstone, of the Bureau of Public Personnel Administration, Associate Editor 
of the Journal of Personnel Research. C.S. Yoakum continues as Managing Editor 
of the Journal which is now in its second volume. The other members of the Edi- 
torial Board are: Wesley C. Mitchell, Alice Hamilton, Frankwood E. Williams, R. W. 
Husband, Matthew Woll, Leonard Outhwaite, Joseph K. Willits, Lewis M. Terman, 
Alfred D. Flinn and Mary Van Kleeck. 

This Journal is devoted to the scientific study of personnel. It publishes original 
researches in the applied sciences that contribute to our knowledge and our effective 
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direction of people at work. It is the official organ of the Personnel Research Federa- 
tion whose purpose is the furtherance of research activities pertaining to personnel in 
industry, commerce, education and government wherever such researches are con- 
ducted in the spirit and with the methods of science. It brings together workers in 
the biological and medical sciences, psychologists, psychiatrists, engineers and econo- 
mists who are making significant contributions to more exact knowledge of human 
beings at work and of methods of making effective and satisfying adjustments be- 
tween men and their work. 
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Professor John R. Commons has been appointed the neutral chairman of the Board 
of Trustees for the administration of the Joint Unemployment Fund of the Amalga- 
mated Clothing Workers and the Clothing Manufacturers of Chicago. This fund is 
to be administered for the benefit of thirty-five thousand Chicago clothing workers in 
periods of unemployment. 













Professors W. Z. Ripley, Frank A. Fetter and John R. Commons are engaged in 
work with the Federal Trade Commission on the Pittsburgh-Plus Investigation. 









Dr. W. A. Berridge, of Brown University, spent the summer with the Federal Re- 
serve Board and the Bureau of the Census, working on problems of industrial fluctua- 
tion. 













Miss Mary Van Kleeck, who is chairman of the Committee on Governmental Labor 
Statistics of the American Statistical Association, has just returned from three 
months in Europe. While in Geneva she conferred with officials of the International 
Labor Organization regarding statistics of employment and wages. She found that 
one of the chief interests of the International Labor Office is to develop more adequate 
and uniform statistics of employment throughout the world. In the opinion of those 
with whom Miss Van Kleeck conferred in Geneva, the Committee of the American 
Statistical Association will make a valuable contribution to international statistical 
methods when it sets up an adequate plan for measuring the course of employment in 
the United States. 












Dr. Raymond Pearl, head of the Department of Biometry and Vital Statistics in the 
School of Hygiene and Public Health, Johns Hopkins University, has also been ap- 
pointed to the professorship of biology in the Medical School of the same university, 
a newly created chair. 









Dr. John Rice Miner has returned from a year abroad to take up his work as Associ- 
ate in the Department of Biometry and Vital Statistics of the School of Hygiene and 
Public Health, Johns Hopkins University. 








Professor Karl J. Holzinger, of the School of Education of the University of Chicago, 
is studying with Professor Carl Pearson at the Biometric Laboratory, University 
College, London. 








John R. Riggleman, formerly instructor in Statistics at the Harvard Graduate 
School of Business Administration, has opened an office as consultant in Business 
Statistics at Los Angeles, California. 








A. J. Hettinger, of the Harvard Graduate School of Business Administration, spent 
the summer in directing the collection of case material in Business Statistics. 
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Professors Walter F. Willcox and A. T. Hadley were the members from America 
present at the meeting of the International Statistical Institute in September, 1923. 
The Institute met at Brussels, in the very room where the First International Sta- 
tistical Congress was convened under the presidency of Quetelet. The main program 
dealt largely with economic statistics, having been prepared by a joint committee of 
the League of Nations and the Institute; as the Genoa Conference of the League of 
Nations had recommended an effort to secure more adequate and comparable inter- 
national economic statistics. Professor Willcox returned to America in October. 


Fellows of the Royal Statistical Society.—To the list of the Fellows of the Royal 
Statistical Society and Members of the American Statistical Association, printed in 
the issue of the Journax for September, 1923, should be added the names of the 
following seven Canadian members of both societies: A. E. Cadman; R. H. Coates; 
§. A. Cudmore; F. J. Horning; T. B. Macaulay; H. Michel; H. H. Wolfenden. The 
name of John H. Hyde, of Washington, D. C., should also be included; which, we 
regret, was omitted from the previous list. 


Business Cycle Dinner.—A special meeting and dinner of the New York members 
of the American Statistical Association was held at the Aldine Club, New York City, 
on Friday evening, November 2, at which about three hundred and fifty members 
were present. The general topic was Phases of the Business Cycle and Variations in 
Trade. The program was as follows: Chairman, John E. Rovensky, vice-president, 
National Bank of Commerce, New York City; Papers: “Interest Rates and the 
Business Trend,” Warren M. Persons, Harvard University; “Employment and Out- 
put in the Business Cycle,” W. I. King, National Bureau of Economic Research; 
“A New Index of the Volume of Trade,’’ Carl Snyder, Federal Reserve Bank of New 
York; “Agriculture and the Business Cycle,” David Friday, New School for Social 
Research; “Financial Factors in Forecasting,’? Leonard P. Ayres, vice-president, 
Cleveland Trust Company; “An Index of Automobile Production,” F. Leslie Hay- 
ford, General Motors Corporation. 


MEMBERS ELECTED SINCE AUGUST 


Blaine, Lela R., Metropolitan Life Insurance Company, New York City 

Brombaugh, M. A., Instructor in Statistics, University of Pennsylvania, Philadelphia, 
Pa. 

Buck, C. N., Franklin Railway Supply Co., New York City 

Campbell, Henry C., Research Division, Bureau of Foreign and Domestic Commerce, 
Washington, D. C. 

Eliot, Clara, Instructor in Statistics, Barnard College, Columbia University, New 
York City 

Ellinger, Tage U., Armour’s Livestock Bureau, U. 8. Yards, Chicago, Ill. 

Foster, Emery M., Bureau of Education, Washington, D. C. 

Francis, D. E., Dennison Manufacturing Co., Framingham, Mass. 

Garrett, H. E., Dept. of Psychology, Columbia University, New York City 

Hall, Lincoln W., Dept. of Economics, University of Pennsylvania, Philadelphia, Pa. 

Hill, John A., Financial Editor, Jron Trade Review, Cleveland, Ohio 

Laughlin, M. J., Standard Sanitary Mfg. Co., Pittsburgh, Pa. 

——_ S. O., Chairman, Executive Committee, Sonora Phonograph Co., New York 

ity 
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Mears, Eliot G., Dept. of Economics, Stanford University, California 

Mullen, Wadsworth, Chicago Federation of Clothing Mfgrs., Chicago, III. 

Paton, William A., University of Michigan, Ann Arbor, Mich. 

Rice, Stuart A., Dept. of Sociology, Dartmouth College, Hanover, N. H. 

Rushmore, D. B., General Electric Company, New York City 

Sigbee, R. A., National Association of Manufactures, New York City 

Smart, O. M., American Tel. & Tel. Co., New York City 

Taylor, K. W., Asst. in Statistics, University of Chicago, Chicago, III. 

Wentworth, E. N., Director, Armour’s Livestock Bureau, U.S. Yards, Chicago, Ill. 

White, F. Ellis, George E. Keith Company, Campello, Mass. 

Winslow, Emma A., Riverside, Conn. 

Woodthorpe, R. A., Professor of Economics and Statistics, University of Otago, 
Dunedin, New Zealand 








REVIEWS 


The Population Problem: A Study in Human Evolution, by A. M. Carr-Saunders. 

Oxford: Clarendon Press. 1922. 516 pp. 

This is not a statistical book. To the specialist in statistical method it has 
little to offer except a reminder that problems of population are not exclusively 
problems for the statistician. On the other hand, the very breadth of its range 
and the long sweep of its historical perspective: its impressive suggestion of a 
background and an orientation for more intensive studies, claim the attention of 
any thoughtful student of population, however exclusively statistical his own 
inquiries may have been. The author recognizes that population problems are 
questions of the place of a species in the order of nature; that the development 
of distinctively human population problems is to be traced by studying the whole 
evolving record of mankind; and that the gaps in that record from the time of the 
earliest half-human prehistoric remains to the beginnings of attested history must 
be filled in as best we can fill them, inferentially, from our knowledge of rudimen- 
tary cultures among surviving peoples. In this large view, questions of numbers 
are not independent of questions of quality, and heredity works out its effects 
subject to economic conditions and to the directive action of social tradition. 
The whole subject, indeed, assumes a sort of unity that rebukes the inadequacy 
of theories suggested by some passing experience of a particular modern nation. 

The most material contribution of the book is to be found in the chapters on 
fertility and elimination among primitive peoples. There it is maintained that 
customs and practices of direct if not deliberate effect upon populousness have 
played a far larger part than has ordinarily been supposed in restricting human 
fertility. Granting the important indirect or incidental reduction of numbers 
through war and feuds, premature sex relations, prolonged lactation and the 
clumsy care of children, the sparse populations and small families of primitive 
peoples are still by no means sufficiently explained. For the explanation Mr. 
Carr-Saunders turns to factors of another sort, notably infanticide, abortion, and 
prolonged abstention from intercourse on the part of the married, in accordance 
with prescriptive tribal usage or taboo. His survey of the customs of a multi- 
tude of races, at different stages of cultural evolution and in every part of the 
world, indicates a very nearly universal prevalence of one or another of these 
direct restrictions. Here and there he finds instances of the practice of prevent- 
ing conception. More often the prevention of conception is attempted without 
success by medicaments and incantations. Most remarkable, however, is the 
widespread evidence of suspension of sex relations between husband and wife for 
& considerable period after the birth of a child—until the child can walk, for 
example, or until it is weaned. If, as seems commonly to be the case, these 
restraints result in an interval of three or four years between successive births, 
the effect upon the fruitfulness of marriages must be very important. 

Such a survey of limitations upon the fertility of primitive man suggests com- 
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parison with the chapters of the Essay on the Principle of Population in which 
Malthus reviews the operation of checks to population “in the lowest Stage of 
Human Society” and among ancient and aboriginal peoples in various quarters 
of the globe. As monuments on the road of progress in the social sciences Mal- 
thus’ chapters more than hold their own; but the ethnological researches of a 
hundred and twenty years have substantially altered the evidence. In particu- 
lar, war and migration, in this later summary, play far less conspicuous parts 
than Malthus assigned to them. Mr. Carr-Saunders’ challenge of the notion 
that emigration is typically the result of overpopulation is too striking to be 
overlooked. If it is necessary to discard the supposition that invasions of one 
people by another are primarily overflowings of redundant numbers, it will be 
necessary also to recast much of the current argument, based implicitly on Mal- 
thusian theory, that issues of war and peace have their roots in the economics 
of population. 

Unfortunately Mr. Carr-Saunders shows but slight acquaintance either with 
Malthus or with economics in general. The inadequacy of his treatment of 
economic questions, and specifically his failure to make more than he does of the 
economics of the standard of living, are among the most serious shortcomings 
of his book. As for his understanding of Malthus, if he has really read and pon- 
dered the Essay there is little to show for it. He appears content to borrow both 
his knowledge and his opinion from Professor Cannan. Now, whatever else may 
be said of Cannan’s criticism of the Malthusian argument, it is certain that no 
one should turn to it in the expectation of discovering what was the real and 
constructive contribution of Malthus to later thought. Mr. Carr-Saunders, 
having fallen into bad company, has been led to discard Malthus and to embrace 
a theory of the optimum or most advantageous state of population, which be- 
comes, in his hands, a sort of travesty upon Cannan’s exposition of maximum 
return. The concept of maximum return is at best abstract and formal, and 
Cannan’s statement that according to the laws of return “there is at every given 
time a particular population which is neither too small nor too great” is perilously 
academic. Mr. Carr-Saunders, however, seems greatly to fancy the suggestion, 
and is at pains to point out, with much show of evidence, that the optimum 
principle holds good, at every level of culture, as an explanation of the actual 
state of population. He appears to conceive that the customs which become 
established among primitive peoples are the customs which approximately bring 
about, under prevailing conditions, an ideal maximum per capita return. Had 
he expressed himself with less formalism and artificiality his position might seem 
more reasonable. We are ready enough to believe that in the evolution of custom 
practices which work out rather better, in terms of material well-being, are likely 
to displace practices which do not work out so well. We can thus imagine that 4 
woman who had but one child so young that she must carry it would often fare 
better than a woman who had two children to carry; and that from experience 
of such occasions the advantage of a considerable interval between births might 
be recognized. The convenience of infanticide might similarly commend itself 
to practical-minded savages. When such considerations of expediency reén- 
forced the sanctions of taboo in support of incipient customs the selective evolu- 
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tion of those customs might have been favored, with consequences that appear 
to us economically advantageous. But it would be preposterous, as Mr. Carr- 
Saunders himself concedes, to suppose that primitive man was concerned about 
a population problem abstractly conceived in terms of the economic opti- 
mum. What then is to be gained by insisting upon the optimum theory as a 
key to these facts of the remote past? In that application the theory becomes 
little more than a specious half-truth of the whatever-is-is-best variety —a naive 
misuse of a principle intended, in an age of abstract logic, pecuniary valuation, 
and deliberate planning, to facilitate our analysis of our own complex, capital- 
istic, economic system. 

The biological considerations linked up with problems of human numbers and, 
more particularly, with problems of human qualities are handled with a surer 
touch. The terms heredity and environment, worn thin by careless use, are 
given solid meaning. It is still, for instance, a useful service to emphasize the 
fact that heredity and environment are interdependent and complementary, 
and that, in human evolution, both are interwoven with the influence of tradition 
—a factor which the author analyzes at considerable length. His discussion of 
the manner in which these interrelated agencies affect the physical and mental 
evolution of man is acute, and constitutes an interesting commentary on current 
eugenic speculation. Here again the question of numbers is shown to be in- 
volved with the question of quality, in that the rapid progress of recent times is 
so largely attributable to the specialized skill made possible by density of 
population. 

In organization and expository style the book is somewhat forbidding. On 
the one hand, from the effort to take account of everything relevant, it loses 
proportion and becomes overloaded and encyclopedic. On the other hand, it is 
so rigidly methodical as to seem at times pedantic. The reader has a sense of an 
inexorable order in which everything will be explained at the proper time, but 
not before; and he may grow restless in waiting. Had the author been content 
to defer writing a systematic treatise until his thought had more fully matured, 
and had he given us meantime a monograph on the limitation of increase among 
primitive peoples, with an introductory essay on the historical unity of the 
population problem, his message might perhaps have been more effective. As it 
is, his book rewards the discriminating student with rich material, both in its 
collected evidence and in some of its interpretations. It assuredly takes a place 
among the most important of recent works upon the subject of population. On 
the whole it acomplishes its author’s modestly expressed purpose; for no one who 
reads it, however restricted his former outlook may have been, is likely to remain 


content with a narrow view of the population problem. 
James A, Fievp 


University of Chicago. 


Business Cycles and Unemployment—Report by National Bureau of Economic 
Research for a Committee of the President’s Conference on Unemployment. 
New York: McGraw-Hill Book Company. 1923. 

The National Bureau of Economic Research has again placed us heavily in its 
debt. Its investigation into cyclical unemployment was begun at the instance 
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of the Committee on Unemployment and Business Cycles of the President’s Con- 
ference on Unemployment; it has been carried forward by the staff of the Bureay 
with the assistance of a number of outside experts and codperating organizations; 
and the results are now presented to Secretary Hoover’s Committee and to the 
general public. Thanks to the limitations of time and scope under which the 
Bureau did its work, the report is by no means an exhaustive treatise. Nor can 
it be said that its various chapters always break new ground. Yet in many 
directions it does make definite contributions to our stock of knowledge and as a 
whole can be considered as an authoritative and exceedingly valuable compilation 
of fact and opinion bearing upon perhaps the most important of our economic 
problems. The footnotes, containing those criticisms by the Bureau’s Directors 
which the authors found it impossible to incorporate in the text, add considerably 
to the interest of the volume, though their pertinence is not always evident. 
As was to be expected, the editorial work and the presentation of statistical data 
in table and chart are up to the highest standards. 

A review of what in itself may not unjustly be considered a review cannot hope 
to be adequate, especially where so wide a field is covered by so many authors. 
At best it may try to give some idea of the latter’s scope and contents and confine 
its critical comment to a few points which happen to strike the reviewer’s fancy 
or hit his hobbies. 

Like all Gaul, the report is divided into three parts. In Part I, Wesley C. 
Mitchell expounds his well-known, eclectic theory of business cycles; F. R. Ma- 
caulay presents some interesting data on the monthly fluctuations of prices, 
production and employees in various industries during the last depression; and 
Drs. Mitchell and King hazard an estimate of the national losses caused by 
business cycles. Macaulay’s researches open up an important field of study, but 
only a beginning has been made both in the collection of material and in its 
analysis. The attempt to measure quantitatively the effect of cyclical fluctua- 
tions was a bold undertaking and had necessarily to limit itself to an effort to 
show the difference between the production of goods or income in years of de- 
pression and production in years of moderate and of intense activity. There are 
obvious imperfections in the statistical data from which the conclusion is drawn 
that the worst years run something like 15 to 20 per cent behind the best, and 
something like 8 to 12 per cent behind the moderately good years. But these are 
freely admitted, as is also the impossibility of appraising the result upon national 
efficiency of the elimination of cyclical fluctuations. Most readers will accept 
the broad conclusion that the loss of national income in a year of depression 
amounts to “several billions of dollars” and will make a liberal addition for 
“certain intangibles of grave concern to social welfare” which are omitted from 
the estimate. 

Part II is devoted to a discussion of the extent of unemployment and under- 
employment during business depressions and the way in which unempioyment 
affects the worker and his home life. Professor Berridge gives an admirable 
summary of the scope and reliability of the unemployment statistics which are 
now available and develops an unemployment index which should prove of 
considerable service as a barometer of industrial activity, especially for the pre- 
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war business cycles when direct production statistics were less adequate than they 
are today. The more difficult problem of underemployment is discussed by 
Professor Brissenden. Only odds and ends of statistical evidence were available 
but the analysis is sufficient to show that there is a good deal of underemploy- 
ment of a cyclical character and that it is not compensated for, even in the long 
run, by overtime. 

To the statistician, perhaps the most interesting chapter in the whole report 
is Dr. King’s summary of the results of the elaborate, nation-wide inquiry into 
the variations in employment in the principal industrial fields from January 1, 
1920, to March 31, 1922. We have space only to refer to what he calls “‘the most 
surprising discovery made in the course of this investigation,” namely, the fact 
that the reduction in employment during the depression of 1921 was a phenome- 
non affecting most severely the establishments of the larger sizes. Dr. King 
suggests as possible explanations the more intimate personal relationships existing 
between small scale employers and their employees and the further fact that the 
small scale producer is in closer touch with the ultimate consumer and can there- 
fore better guage the demand. Mr. M. C. Rorty adds a pertinent suggestion in a 
footnote to the effect that the smaller concerns experience a prompter liquidation 
of costs, perhaps even of wage rates. In view, however, of the better facilities 
of the large scale firm for market analysis and the greater diversification of its 
market, it may still be doubted whether a complete explanation has yet been 
given. Is it not true that the reporting large scale firms constitute a better 
sample of their group than the reporting small scale firms do of theirs? Is it not 
probable that the proportion of concerns failing or subject to serious financial 
involvement and therefore failing to report is greater among the small scale firms 
than among the large scale firms? Is it not also likely that the lesser flexibility 
in the small scale organization is in part responsible for the lower percentage of 
unemployment during hard times? The large firm may let off a considerable 
percentage of its employees and still retain intact the vital part of its organiza- 
tion; the small concern will frequently find that its key men constitute a larger 
proportion of its total staff. Finally, is it not fair to say that the “surprising” 
phenomenon may in part be due to differences in the nature of the large and small 
establishments? The group of large scale factories would probably show a 
larger proportion of the industries which are subject to wide fluctuations in 
demand—such, for instance, as the iron and steel, automobile, rubber tire, and 
paper industries, and the industries making nationally advertised specialties. 
The same situation is found in the building and construction industry where the 
big concerns are normally engaged in a phase of the industry which is most 
subject to the fluctuations of business activity. Some of the suggestions made 
above may not prove to be fruitful but one may at least ask for further analysis 
before accepting Dr. King’s favorite explanation which seems to exalt unduly the 
marketing efficiency of the small scale firm. 

The economist, the social engineer and the public generally will be most inter- 
ested in the third and largest section of the Report which describes the most 
practicable remedies which have been suggested for preventing or reducing un- 
employment due to cyclical depressions. The devices used by enterprising 
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business men to smooth out the curve of employment in their own factories or 
shops are discussed in detail in two excellent chapters by N. I. Stone and Sanford 
E. Thompson. The use of government contracts as a balance wheel to private 
industry, suggested many years ago by the Webbs in England and given increas. 
ing support in other countries in recent years, is examined again by its zealous 
American advocate, Otto T. Mallery, and the practical steps necessary to put 
the policy into effect in this country are outlined. The closely related problems 
of stabilizing railway operations and the building trades are succinctly discussed 
by J. H. Parmelee and E. 8. Bradford. T.S. Adams devotes a brief but sugges- 
tive chapter to the financial devices for controlling or mitigating the severity of 
business cycles. With the results of the elaborate investigation by the Russell 
Sage Foundation at his disposal, Shelby M. Harrison describes the growth and 
merits of the various devices used to organize the labor market and appraises 
their service in the reduction of unemployment. His characterization of the 
attitude of employers to private agencies as “either indifferent or suspicious” 
does not gibe with the reviewer’s experience and his advocacy of a nation-wide 
public employment service is, to say the least, sufficiently cautious. Leo Wol- 
man’s sane and well-balanced summary of English experience with unemploy- 
ment insurance, obviously based on thorough research, will be welcomed by 
American readers who have found it impossible to disentangle fact from fiction 
in the mass of partisan material which has resulted from the recent controversies. 
He admits that the preventive value of unemployment insurance has been dis- 
appointing—though the insignificant incentive provided by the English measure 
may justly be considered to render the English experiment inconclusive on this 
point—and frankly discusses the administrative and statistical difficulties in- 
volved. None the less convincing is his unhesitating conclusion in favor of 
compulsory unemployment insurance as a workable device which will contribute 
materially to the solution of our problem. Mary Van Kleeck has a lucid chapter 
on charting the course of unemployment which to some extent duplicates Ber- 
ridge’s earlier chapter but adds an admirable summary of “next steps” to be 
taken in the collection of employment statistics. To Oswald W. Knauth was 
given the task of describing the current statistical indexes of business conditions, 
indicating the gaps and defects in available data, and assessing the importance 
of statistics in stabilizing production and employment. That task has been 
performed as fairly and as adequately as was possible in the space at his disposal. 
His cautious conclusion as to the work so far accomplished seems to be confirmed 
by the report of the Committee of Federated Engineering Societies which forms 
the last chapter of the volume. Of the promise of the statistical weapon for the 
future, statisticians do not need to be told. To the reviewer, the two statistical 
problems of most immediate importance are the development of inventory sta- 
tistics and the further analysis of the concept of a “normal” in industry. 


W. C. CLark 
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Statistical Method, by Truman L. Kelley. New York: The Macmillan Company. 
1923. Text 347, app. 36 pp. 


The preface states: 


This book has been written with a view to serving two needs: that of the biologists, 
economists, educators and psychologists, who know little of higher mathematics, 

ssibly care less, and who use statistical methods merely as a device to pone the 
acts of their group investigations; and that of those in the same fields who resort to 
mathematics to aid in the discovery of new truths. 

The elementary statistical needs in the four fields mentioned seem to me to be the 
same and it is my aim to meet those needs and provide a foundation which will serve 
for advanced work in any one of them. 


There can be little doubt that, broadly speaking, the author has accomplished 
his purposes. True, most of the illustrative applications are drawn from the 
statistics of educational psychology, and the non-specializing statistical reader 
will probably feel that some of the methods discussed belong also to that particu- 
lar field and can have little or no place in general statistical analysis. On the 
other hand, the economist will note the absence of adequate treatment of some of 
his most perplexing problems: seasonal variation, periodic fluctuation, secular 
trend and time correlation receive little attention; and even the chapter on index 
numbers, perhaps because of its very excellence, leaves the reader disappointed 
by its brevity. Presumably, the expert in biological statistics will observe cor- 
responding gaps in methods primarily adapted to his work. The reviewer is 
inclined to side with Dr. Kelley in all this: he feels that, after even moderate 
progress, the student of statistical method will inevitably specialize, and that 
texts will in general reflect this tendency. As the author states, the elementary 
statistical needs are the same for all; and he has succeeded with notable skill in 
meeting those needs. Beyond this basic common ground the statistician, 
whether student or practitioner, will doubtless best be served by a selection of 
texts, each of which develops for its field special methods to supplement the 
general elementary methods. 

The author’s treatment of the fundamental statistical operations is in the main 
above reproach. The teacher and the beginner will wish that he had given us a 
chapter on the collection of statistical data. Some will contend that collection 
is not a problem of method, and others will suggest that few statisticians have 
occasion to collect raw data; but one who has gone through the mill cannot fail to 
be aware of the value, even to the mere analyst, of a knowledge of the origins of 
our statistical material. One could wish also, that the first chapter, on tabula- 
tion, had been as detailed and thoroughly satisfactory as the second, on graphs. 
In the third chapter directions are given for calculating the five basic averages, 
and the treatment here of the determination of median and percentiles and mode 
is especially pleasing. 

In Chapter IV, “Measures of Dispersion,” the author begins the discussion of 
probable errors which from that point on constitutes a persistent and striking 
feature of the book. His insistence on their calculation, where possible, in con- 
nection with the various statistical constants is gratifying indeed; and he sets an 
example which should not be overlooked by the statistical practitioner. He takes 
many of his error formulas from standard sources, but he has worked out a large 





1058 American Statistical Association [110 


number originally. For these, he asks in his preface critical verification by fellow 
statisticians. The reviewer has made no attempt to check these derivations jn 
detail, but it is to be hoped that Dr. Kelley’s work need not wait long for verifiea. 
tion and that his valuable formulas will be accepted for general use. The sub- 
ject of probable errors enters only incidentally in this chapter, which covers very 
carefully existing measures of dispersion. The Wald-Herring formula will be 
welcomed by those who have discarded the average deviation because of its 
difficult determination from a table of grouped frequencies, and the author’s 
10-90 percentile range will doubtless also receive further attention as a measure. 
The notion of moments is introduced rather abruptly, but the essential algebra 
is presented in excellent form. In the next chapter the equation of the normal 
curve is developed from its differential equation, and the important properties of 
the normal distribution are set forth. Here the author explains the valuable 
Kelley-Wood table, which he includes in the appendix: “Sheppard’s tables will 
be found the more convenient to use if the deviates are known and either areas 
or ordinates desired, while the K-W table will prove the more serviceable if 
areas are known and either deviates or ordinates desired.”” Chapter VI treats of 
the rather troublesome practical problem of securing comparable measures from 
gross scores; and the most important section here is that which deals with 
“Standard Measures,” deviations from the mean expressed in terms of the 
standard deviation as unit. 

Chapter VII treats of curve fitting, and gives an excellent presentation of the 
curves and methods of Pearson. The author makes brief mention of the work 
of Edgeworth and Charlier and others; and the reader will regret that he has con- 
fined his discussion so closely to the Pearsonian system. His treatment of the 
Pearson curve-types is very clear, and his suggestive remarks concerning stabil- 
ity and infinite or negative moments are welcome indeed to the reader who has 
been led to regard the curve fitting problem as solely mechanical. 

Chapters VIII to XI deal with correlation. The author starts with the notion 
of regression, gets the correlation coefficient as a constant involved in regression, 
and proceeds to the equation of the probability surface. There are in Chapter 
VIII valuable sections on the calculation of r by the product moment method 
and by various special devices, on the significance of the regression lines, and 
upon rank correlation. The next chapter treats of several special problems, most 
of which arise in educational statistics. One of the chief of these is the deter- 
mination of the reliability of tests, and it is to be regretted that all students of 
reliability are not as critical as our author in the use of Brown’s formula. It is 
likely that the reliability discusssion and some of the other developments of this 
chapter will be useful in other fields of applied statistics. Chapter X gives a 
fairly detailed and quite critical account of, ‘Further Methods of Measuring 
Relationship.” The treatment of the correlation ratio is particularly pleasing; 
but the chapter gives adequate attention to a wide variety of other measures 
which have been suggested or adapted for special purposes. Multiple and partial 
correlation is the subject of the next chapter, and the theoretical development 
is from the point of view of “errors of estimate” and makes use of determinants. 
There are directions for calculation by means of compact formulas or by the 
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author’s alignment chart. At the end Dr. Kelley presents his method of succes- 
sive approximations for use in problems of more than five variables. At the 
present stage of statistical science, and perhaps always, correlation must be the 
central problem and its treatment must be the backbone of any general text on 
method. Dr. Kelley’s handling of the subject is admirable, and his Chapter X 
in particular is immensely valuable. 

Two remaining chapters treat of certain special statistical problems of rather 
limited significance, and of index numbers. In judging the excellence of an index 
number, much importance is attached to “reliability.” There is some question 
whether the measure of reliability suggested is not open to objections similar to 
those raised against Brown’s formula, but there can be little doubt that a knowl- 
edge of the probable error is an essential guide in selecting a formula for index 
numbers. 

An exhaustive verification of the algebraic and numerical work of the book was 
not made, but the reviewer found very few slips which impeded an understanding 
of the text. Perhaps the most troublesome were the use of M for a double pur- 
pose and of N and n for a single purpose in Section 22, and the slips in equation 
(46) of Section 26. The reviewer objects to the use of the term mode for the 
maximum of a time series (page 27), and to the use of standard deviation for the 
mean squared deviation except when measured from the mean (page 77). Typo- 
graphical errors are infrequent, and the book as a whole gives evidence of careful 
workmanship on the mechanical as well as the scientific side. 

Dr. Kelley’s book is an important contribution to statistical literature, and will 
serve at once as an intermediate text for our rapidly growing groups of statistical 
students and as a handbook and guide to research for the workers in applied 
statistics. The reviewer ventures to list the book, together with Fisher’s Prob- 
abilities and Glover’s Tables, among the three recent American statistical works 
which are indispensable to the critical statistician. 

W. L. C. 


A Critical Analysis of Industrial Pension Systems, by Luther Conant, Jr. New 
York: The Macmillan Company. 1922. xiii, 262 pp. 


The title suggests that Mr. Conant’s work would be found to be a compendium 
of the several industrial pension systems in operation and of those which had 
ceased to operate, with analyses of the various features of each, showing how and 
why some had accomplished their purposes while others had failed. Until the 
reader reaches the seventh chapter of the ten which comprise the book, he will 
have the impression that it is rather a digest of opinionsof economists, publicists, 
social workers, labor representatives and employers as to the underlying reasons 
and motives for having pension systems, and as to the extent to which the hoped- 
for results have been accomplished. The reader will gather that there is much 
diversity of opinion on nearly every feature of the subject, and that few know 
definitely whether the pension experiments have been worth while or not. 

The delightful freshness with which Mr. Conant introduces the many thoughts 
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and opinions and with which he deals with the subject suggests the enthusiasm 
of an explorer in hitherto unexplored territory. 

After understanding that the work was intended as an academic review, as 
evidenced by the author’s stated conviction that “the financial aspects of the 
question, moreover, important as they are, are of subordinate consequence as 
compared with the broad economic and social aspects,” the reader can have no 
quarrel with the author for his general arrangement of the subject matter. 

Following the three pages of Introductory matter Mr. Conant sets forth the 
“Broad Objects of Pension Systems,” as follows: 


Among the more important motives which lead industrial employers to adopt 
pension systems are: 

A desire to provide for the old age of dependent, superannuated employees. 

A desire to reward employees who have rendered unusually long service. 

A desire to increase efficiency, first, by the elimination of superannuated or in- 
capacitated workers on a humane basis and, second, by stimulating the good will and 


effort of the active force. 
A desire to hold the worker to the job, thereby reducing labor turnover. 
A desire to exercise a disciplinary control over workers in respect to strikes and in 


other ways. 

In some pension plans all of these motives are present; in others, only a portion. 

There seems to be a confusion of agency and motive in the first stated “ motive” 
which will be seen more clearly if the subject of the sentence were to read: 
“Among the . . . motives . . . to adopt pension systems, 7. ¢., to 
provide for the old age of dependent, superannuated employees, are:” It 
was probably the author’s intent to list first the altruistic motive, which 
might be expressed as, “A desire to appease an exaggerated sense of moral obli- 
gation or to gratify other sentimental promptings.” An additional motive might 
have been given as “‘A desire to avoid criticism and possible loss of good will 
following the discharge of employees whose efficiency had become impaired on 
account of advanced ages.” 

The author proceeds ‘“‘to examine” the “broad objects of pension systems as 
above enumerated” by first quoting opinions on “the moral obligation of the 
employer . . . to make (such) provision.” 

Apparently Mr. Conant did not find the “Negative opinions” of sufficient 
force to completely dissipate the impression made by the “ Affirmative” ones, 
for he sums up as follows: “It may be concluded that a private employer is under 
no compelling moral obligation to provide for the support of his superannuated 
employees in their old age.” (Italics by the reviewer.) 

It must surprise the level-headed employer, who has always paid at least 
prevailing wages and who believes in the principle of individual liberty and re- 
sponsibility, to learn that he has some moral obligation to make additional pro- 
vision for the old age support of even his most profligate employee. 

Following the discussion as to moral obligations, and after showing the 
“attitude” of labor, Mr. Conant takes up each of the enumerated “motives” in 
turn. Mr. Conant concludes that it is not definitely established that any of the 
incidental purposes will be accomplished, except possibly ean increase in efficiency 
resulting from the elimination of superannuated and incapacitated workers and 
“building up a larger amount of good will and interest among the active force.” 
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It appears that only the pensioners, those who are about to become pen- 
sioners and theorists are whole-heartedly in favor of old age pensions. Organized 
labor and the great bulk of employees are opposed to the scheme in general; 
organized labor because of suspicion as to the motives of the employer and the 
employees because of their ideas of personal responsibility and independence, and 
their desire for increased wages. Many of the opinions quoted seem to be tainted 
with socialism or communism without acknowledgment that if a socialistic or 
communistic state were effected industrial pension systems would perforce 
disappear. 

The economist must feel indebted to Mr. Conant for gathering these several 
opinions in convenient form for reference. 

In keeping with his premises, Mr. Conant continues his ‘economic and social” 
discussion in describing and discussing the three “principal types of private 
pension systems”: 

1. The non-contributory “discretionary” system. 

2. The non-contributory “limited-contractual” system. 

3. The contributory system. 


By adopting the designation for the second type “as a convenient one,” Mr. 
Conant has probably made it a permanent addition to pension nomenclature. 

Though “Pensions are more irrevocable than any ordinary kind of legisla- 
tion” and “A pension system never should be started by an employer until he had 
satisfied himself beyond reasonable doubt that it will be continued,” ‘‘The great 
majority of private industrial pension systems now in operation are of the non- 
contributory ‘discretionary’ type,” under which “the employer has complete dis- 
cretion.” 

In the thirty-seven pages devoted to the “discretionary” type, Mr. Conant 
gives many quotations on, and discusses the questions, whether pensions are 
“Gratuities,” “Deferred Pay,” “Form of Tontine Insurance” and as to the 
“Effect . . . on thrift.” 

That there is much confusion as to whether there is an element of “deferred 
pay” and as to the effect on wages, is evidenced by the opinions quoted and 
by the somewhat contradictory conclusions drawn by Mr. Conant. On page 66 
he states as follows: “Even if the worker counts with considerable confidence on 
the receipt of a pension, it will not be a material influence with respect to current 
compensation unless it is of substantial amount,” but “As the worker 
approaches the retirement age, it seems obvious that the prospect of a pension 
will have an increasing appeal and will exert a more certain effect upon the cur- 
rent rate of pay.”” On page 79 he says: 


That the following facts are fairly well established: 

1. That, where its receipt is considered by the worker as definitely assured, a non- 
contributory pension is essentially deferred pay and, furthermore, actually depresses 
the current rate of wages. 

6. That, to justify itself, a pension system should carry assurance that pensions will 
be received, in which case the theory of deferred pay becomes operative. 


‘ The statement of one quoted executive would seem to be nearer the truth: 
We pay wages equal at least to the prevailing rate, and in some cases more. A 
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pension cannot in my judgment partake of the nature of deferred pay unless 
similiar pension systems are universally adopted in industry,” and that of g 
“writer on labor questions”: “Regardless of pension plans it is obvious that the 
wage rate will have to approximate the rate prevailing in the community.” 

It seems to be a fair conclusion from the opinions quoted that a depression jn 
the rate of wages would not result unless the employer controls all, or nearly all, 
the jobs in that particular industry and that the consumer does not bear the cost 
of the pensions, unless the employer has a monopoly, or nearly a monopoly, in 
the industry. 

The author’s conclusion that “considerations of justice demand that the 
amount of pay deferred be regarded as rightfully belonging to the worker and be 
returned to him under equitable terms, or to his heirs if he dies before receiving 
it,” is hardly justifiable unless the theory of “deferred pay” be accepted as a 
principle, and apparently it has not been so accepted. 

The reference in this chapter to Tontine Insurance seems irrelevant. 

Mr. Conant’s opinion of the efficacy of the “discretionary” type is sum- 
marized in the sentence: “In spite of the grave objections raised against them, 
‘discretionary’ pension systems are in many cases to be regarded as a sincere 
attempt to solve one of the most complex problems in modern industrial eco- 
nomics.” 

The particular impression formed by reading the six pages devoted to the 
“Non-contributory pension systems of the ‘limited-contractual’ type”’ is that the 
contractual nature is very limited. 

One of the motives was stated as “a desire to hold the worker to the job, 
thereby reducing labor turnover.” If this be one of the acknowledged pur- 
poses, Mr. Conant’s statement in connection with the “limited-contractual” 
type that “complete acceptance of the contractual principle would require that a 
payment should be made to employees quitting the service, or discharged, before 
reaching the retirement age,’’ would seem to be unwarranted. It might be 
expedient to permit such “withdrawal benefit,” but it would not necessarily be 
required. 

The “contributory” type, as Mr. Conant states, is more generally used in 
public service than in private enterprises. In the seventeen pages devoted to 
this type, Mr. Conant indicates that he favors it for private enterprises rather 
than either of the “non-contributory” systems, despite the objections that can 
be raised against it. 

Following the chapters on the three classes or types, Mr. Conant has a chapter 
on the application of “Single Premium Annuities” in the solution of the problem 
of providing for the old age of employees. By inference it is the plan which Mr. 
Conant prefers. In his later chapters Mr. Conant again refers to deferred an- 
nuities as the probable solution, and has the reader rather expecting that he will 
make a strong definite recommendation that deferred annuities be availed of in 
lieu of other old age provisions; but the reader is left puzzled as to whether the 
author had some doubts as to the practicability of the plan, or lacks the courage 
to definitely recommend a plan which the many so-called pension authorities had 
apparently ignored in their discussions. 
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Mr. Conant next devotes a chapter to a discussion of “An Informal Pension 
Policy,” 7. e., a policy of making gratuitous provision for individuals where and 
as the employer sees fit. 

Those who have had to deal with pension problems will feel that the author 
has done well to devote considerable space to the “Cost of Pension Systems.” 
It is the feature which will particularly interest the employer, and it is the feature 
which determines the ability or the inability to carry out the intent of the 
scheme. The author emphasizes the absolute need of actuarial or technical 
advice or guidance in installing and conducting any pension system. It is a 
pity that he did not, or could not, also show by examples the amount of liability 
which would be incurred on account of “back service” upon the establishment of 
& pension system. 

A general reading of Chapter VII should do much to offset the harmful effects 
of holding the common fallacious belief that current pension payments can be 
met as current expenses from current income. The reviewer recommends a care- 
ful reading of this chapter by employers who are contemplating the establishment 
of pension systems. It points the rocks or shoals on which pension ships founder. 

Following the two chapters on “costs” is a chapter on “Benefits to be included 
in a Pension or Annuity System.” This chapter should also be of particular 
interest and value to employers and employees’ representatives. In this chapter 
Mr. Conant again makes a statement which seems to be rather stronger than 
the condition warrants, viz.: “Under a contributory plan, common justice re- 
quires the provision for a withdrawal benefit representing at least the net con- 
tribution of the worker to the scheme, plus interest.” It would seem that a more 
proper statement would be that a contributory plan would not be acceptable to 
the employees, nor give satisfaction, unless there be provision for a “withdrawal 
benefit.” That has been found to be the case, but there is no injustice in a 
system providing no “withdrawal benefits” if that should meet the wishes 
of those concerned and the rates of contribution were based upon an expected 
withdrawal rate. 

The “Summary Analysis of Various Types of Retirement Systems,” giving a 
synopsis of each of the five plans previously discussed, and the “advantages” 
and “disadvantages” of each, will be found convenient for reference, even though 
all readers will not necessarily agree that the “advantages” and “disadvantages” 
are exactly as stated. 

As previously indicated, the book, especially the last chapters, should be of 
particular value to employers who are considering the advisability of broaching 
the matter of pensions to their associates or employees. A reading will impress 
on them that opinions are very diverse on the matter, that difficulties beset all 
concerned, and especially so if attempted without expert help, that adequate 
financial provision will probably be much in excess of what they had expected to 
provide, and that few of their hopes will be realized. 

Appendix I gives a list of the Industrial concerns having pension systems, 
arranged in three groups, “Non-Contributory ‘Discretionary,’ ” ‘“Non-Con- 
tributory ‘Limited-Contractual’” and “Contributory,” showing the “Age and 
Service Requirements” and the bases of pensions. This schedule will be of 
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interest, though it is not of much value for comparing the relative merits of the 
several plans scheduled. It is to be hoped that no employer will choose a plan 
from this list and forthwith attempt to graft it on his organization. A reading 
of the preceding chapters should have impressed upon him that if he attempts to 
do so without qualified assistance, and if he is not prepared to make adequate 
financial provision, he will be saddling his organization with grief, rather than 
with cheer. 

The Appendix would be of more interest and value to actuaries if it showed in 
addition the present values of the promised benefits and the present values of 
the financial provisions made. It would be of real interest and value to statis- 
ticians if it showed the ages and numbers of employees involved, data as to the 
superannuated, deaths and withdrawals, etc., and data as to the labor turnover, 
strikes, etc. In other words, it would be of value to technical students if it 
supplied data which would permit the technical man to “substitute facts for 
appearances and demonstrations for impressions.” 

To have prepared such data for publication would probably have entailed 
an expenditure too large for any one concern to defray. It is doubtful even 
whether many of the companies listed could have supplied the necessary informa- 
tion. It would be a valuable contribution to statistical literature to have such 
data collated and the results published. The statistician would then find it an 
instructive pastime to study the data and to attempt to reconcile the many 
opinions and theories advanced with the results of his study. 


WILuiaAM Brersy 
New York 


Cycles of Unemployment in the United States, 1903-1922, by William A. Berridge. 
Boston: Houghton Mifflin Company. 1923. 88 pp. 


Discussion of employment indexes must be based upon recognition of the 
purposes for which such indexes are needed. Three fundamental ends require 
quantitative employment data. These are: 

1. To measure the extent of the need for remedial, preventive, and relief meas- 
ures in connection with unemployment. 

2. To provide a numerical basis for research with a view to discovering the 
causes and the predictive symptoms of unemployment. 

3. To provide an auxiliary index of business prosperity. 

By reference to their success in meeting these practical objectives specific 
employment indexes must be evaluated. The first two of these purposes require 
an approximation of the fluctuations in the volume of unemployment. The solu- 
tion of this problem the present study declares nonfeasible; its efforts are con- 
fined to the study of fluctuations in employment, not in unemployment. 

Having been selected by Wesley C. Mitchell, Irving Fisher and Wallace B. 
Donovan from among 200 competitors for the award of the $1,000 Pollak Founda- 
tion prize, Dr. Berridge’s study comes highly recommended. It consists in 4 
popularly worded revision of material already familiar through the author's 
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articles in this JouRNAL ! and elsewhere. In view of the high recognition already 
awarded it, and the reputation which Dr. Berridge has deservedly achieved as a 
student of employment statistics, it is unnecessary to dwell upon the excellent 
features of the volume and upon the debt which social science owes to his re- 
searches in this pioneer field. Rather, this review will be devoted to certain 
constructive suggestions aimed at the promotion of still further progress in the 
quantitative study of this vital problem. 

The data analyzed by Dr. Berridge he divides into two periods, the first ex- 
tending from 1903 to the middle of 1914, the second from that point into 1922. 
For his earlier index he relies upon pay-roll data of manufacturing establish- 
ments in New Jersey and Massachusetts, and upon trade union unemployment 
returns for Massachusetts and New York State. After reviewing these materials 
he concludes: ‘‘ We now have before us all the materials necessary for construct- 
ing a monthly general index of employment cycles for the United States from 
1903 to 1914” (page 26). This statement seems rather too sweeping in view of 
the fact that the data quoted relate to samples taken from only three-states in 
one corner of the United States and that, except for some data from transporta- 
tion and building unions, the returns have to do only with factory employment 
and ignore employment fluctuations in other industries. Certainly the index 
constructed has no relationship to employment cycles in agriculture anywhere in 
the United States; its relation to employment cycles in such occupations as pro- 
fessional and personal service, mining and quarrying, lumbering and railroad 
construction, commerce and trade, is highly problematical; and its relation to 
employment cycles even in manufacturing in New Orleans, Chicago, Los Angeles 
and Seattle may be questioned. 

On the last point, Dr. Berridge presents on a small chart (page 15) the census 
returns as to manufacturing employment fluctuations in 1904, 1909 and 1914 in 
comparison with his index, and says (page 29) that “‘on the whole, these Census 
data strongly confirm the continuous index based on the three-State sample.” 
From the chart, however, it appears that in 1904 Dr. Berridge’s curve goes de- 
cidedly up, while the census curve goes decidedly down, that the 1909 curves are 
similar in direction but not in contour; that the 1914 census curve shows a much 
sharper downward slope than Dr. Berridge’s 1914 curve; and that while the 
census curve for 1914 is markedly lower than that for 1909, Dr. Berridge’s is 
about on a level for the two dates. No correlation coefficient is given, but in- 
spection does not suggest a close correspondence. 

The index for the 1914-22 period is based upon the New York State Industrial 
Commission data as to employment in New York State factories and upon the 
United States Bureau of Labor Statistics Monthly link relative returns as to 
employment in factories located in various states. The broader geographic 
basis of the latter series and the high correlation between a combination of the 
two and a Wisconsin series gives more reason for confidence as to the geographic 
representativeness of the recent index. Industrially, however, it is even less 

1 Cycles of Employment and Unemployment in the United States, JouRNAL OF THE AMERICAN Sta- 
TISTICAL ASSOCIATION 18: 42-55, 227-240, March and June, 1922; Employment and the Business Cycle, 


Review of Economic Statistics 4: 12-51, January, 1922; What the Present Statistics of Employment Show, 
Business Cycles and Unemployment, McGraw-Hill Book Co., New York, 1923. 
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representative than the index for the earlier period, for it relates exclusively to 
manufacturing. It happens that the dangers of assuming that manufacturing 
employment cycles adequately represent general employment has been clearly 
brought out by Willford King in his Employment Hours and Earnings in Pros- 
perity and Depression, recently published by the National Bureau of Economic 
Research, and summarized in the volume on Business Cycles in which Dr. Ber- 
ridge also presents his data. Dr. King shows, on page 30 of his study, the follow- 
ing comparisons as to the maximum cyclical decline during 1920-22 in the number 
of employees on the pay rolls in various industries: 


Industry Per cent decline 
All industries 14.06 


All factories 25.59 
Extraction of minerals 26.88 
Building and construction 

Steam railways 

Other transportation 

Agriculture 

Public and professional service 

Domestic and personal service 

Commerce and trade 

According to these figures the cyclical fluctuations in manufacturing are almost 
twice as great as in all industries taken together. Dr. King’s data indicate, 
moreover, not merely differences in amplitude of fluctuation in different indus- 
tries, but also differences in the character and timing of the curves. Dr. Berridge 
appears to have ignored these differences, for he refers to his results as “‘a reliable, 
continuous barometer or index of employment cycles,’ and nowhere that the 
reviewer has discovered has he properly qualified the title to his index. It should 
be referred to merely as an index of cyclical fluctuations in employment in manu- 
facturing in certain sections of the United States. 

A technical point relative to the reliability of coefficients of correlation seems 
worthy of mention. In a note Dr. Berridge says: “The ‘probable error’ of a 
correlation coefficient means so little, when applied to time-series of economic 
data, that in all cases it is omitted in this monograph” (page 81). There is a 
danger in this practice. Recognizing of course that the probable error is merely 
a first approximation to an index of the certainty with which a correlation has 
been established, still it seems safe to say that no correlation should be accepted 
without rigorous examination of the question as to whether the observed relation- 
ship may be due to chance. To present, as Dr. Berridge does on page 42, cor- 
relations based respectively on six pairs and on twelve pairs of items is not sound 
practice, even though the correlations are high and are consistent. By using just 
two pairs of items a correlation of +1.00 will invariably be secured, but such 
correlations are, of course, without significance. 

A major query raised by Dr. Berridge’s work is whether unemployment or 
even fluctuations in unemployment can be measured at all. He confines his 
work to the study of employment cycles on the ground that no reliable data on 
unemployment are available. Willford King (op. cit. page 22) says that it is 
impossible to measure the extent of unemployment because of the difficulty of 
defining the term, and hence he confines his efforts to measuring changes in the 
number of persons working as employees and the number of hours worked. He 
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states, however, that although no one can produce a sound measurement of the 
amount of unemployment, several statisticians have compiled satisfactory in- 
dices of unemployment. This question deserves further scrutiny. 

Dr. Berridge says: ‘Since our purpose is to isolate the cycles of employment, we 
have first eliminated from the crude employment data the long-time trend due to 
the growth factor in industry” (page 13). Presumably the statistical method 
employed for this purpose has been to determine the straight line trend of closest 
fit and deal with deviation from that line. This involves the assumption that 
industry and the amount of employment normally should grow in a straight line, 
which, of course, is not the case. The fallacy involved in the procedure is obvious 
from the fact that a given trend is valid only for a few years, and that when 
longer periods are studied several different trends jointed brokenly together are 
often resorted to. Hence if an index is kept up currently new trends must be 
calculated at frequent intervals, and the comparability of the data suffers. Vari- 
ous devices, such as a moving average, may be used to obviate the mathematical 
difficulty, but the fundamental logical difficulty lies in the failure to define what 
is meant by the “growth factor.” This definition depends somewhat upon the 
purpose for which the index is constructed. 

If the purpose of the index is to measure the relative urgency of the need for 
unemployment prevention and relief at various times, and especially to provide 
a quantitative measure of unemployment fluctuations for correlation with other 
variables in research directed toward the discovery of the causes of unemploy- 
ment, and of its predictive symptoms, the problem of defining and measuring 
the “growth factor” becomes reasonably simple. For the purposes suggested 
we are interested in the ratio between the number of persons actually gainfully 
occupied and the number who ought to be gainfully occupied. The number who 
ought to be gainfully occupied varies closely with the number of persons of pro- 
ductive ages. Most of the variables affecting the number of such persons in the 
United States either vary slowly, as does the birth rate, or can be determined 
fairly accurately and promptly, as can immigration. 

The difficulties with the “trend” method are very concrete and important. 
If a depression is prolonged for several years the trend comes down, and the 
amount of unemployment indicated appears to decrease even though the acute- 
ness of the problem may be increasing. Something of the sort probably occurred 
in the period from 1907 to 1915. On the other hand, a sudden cessation of immi- 
gration due to changes in legislation might result in a slower increase in employ- 
ment than in the trend, with a resulting exaggeration of the amount of unem- 
ployment. 

For research as to unemployment causes and remedies the proper index con- 
sists, in the reviewer’s opinion, in the ratio between an adequate index of the 
number of persons of employable ages (with proper corrections for the changes 
in the proportion of women and children employed and in the ratio of rural and 
urban population), and an adequate index of the volume of employment. No 
one can sit down today with a slide rule and construct such an index from data 
readily available, but the materials can and will be secured. Dr. Berridge’s and 
Dr. King’s studies provide splendid foundations on which to build. 

HorNneELL Hart 
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The Burden of Unemployment, by Philip Klein. New York: the Russell Sage 
Foundation. 1923. 260 pp. 


This work, accomplished under the auspices of the Russell Sage Foundation, 
is the record of a careful investigation of unemployment relief measures practised 
in fifteen American cities during the depression period of 1921-22. The field of 
inquiry covered cities whose functions in the national economic organization are 
both varied and representative, ranging from the trading center in an agricultural 
district, such as Sioux Falls (S. D.), to the manufacturing center of varied com- 
modity output, such as Philadelphia. Beside these two the following places 
were included in the investigation: Boston, Chicago, Cleveland, Columbia (8. C.), 
Evanston (Ill.), Hartford (Conn.), Kansas City, Memphis, Minneapolis, New 
Bedford, New York (Borough of Manhattan only), Pittsburgh and Saint Paul. 

The author is a strong proponent of the volunteer social agency in the field of 
unemployment relief and those who are looking for the inauguration in this 
country of an unemployment policy which is something more than an improve- 
ment on present palliative measures will find little satisfaction in his pages. 
The Burden of Unemployment represents the empirical position of those who want 
to see unemployment relief a responsibility of the local community rather than a 
responsibility of either the State or Industry. It is not even apparent that Mr. 
Klein visualizes the necessity of the public employment exchange as the sine qua 
non of all permanently constructive action in this field. There is no mention, 
either pro or con, for purposes of comparison, commendation or criticism, of the 
notable experimentation along broader and more philosophic lines in the British 
and German systems of unemployment relief. The thesis of this book is the 
unrealized possibilities of volunteer social agencies in individual cities. The main 
conclusion is that “the best guarantee of efficiency in the (unemployment) 
emergency lies in the strength of the community agencies of the city in normal 
times, and in the fullness of their codperative relations (page 214). 

This book, in short, contributes nothing to the theory of unemployment relief. 
It is merely a well-prepared plea for improving that traditional American bulwark 
against pauperism of every sort—the volunteer social agency. The author, it 
appears, has either scant sympathy with or little knowledge of methods based on 
the theory that either the State, or Industry, or both, are to be held accountable 
for the relief of the worker unemployed through no fault of hisown. Rather, he 
thinks, it is the duty of charitable relief agencies to take the lead. In this book 
we have no traffic with either Sir William Beveridge or G. D. H. Cole. On the 
contrary, we go back to Aristotle via John Stuart Mill. 

All this is not to say that The Burden of Unemployment is lacking either in 
suggestiveness or constructive value. If one grants the assumption that we are 
to develop no national or industrial policy of unemployment relief it is obviously 
essential that the local voluntary agencies which we possess in profusion should 
be keyed up to a much higher state of efficiency and knowledge. If volunteer 
workers rather than a division of our national government or joint industrial 
councils are to handle our unemployment relief measures, it is certainly desirable 
that they should know something of the immensity and nature of the problem 
which they face; and this is true whether they be regular case workers or public- 
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spirited individuals willing to turn to the relief of unemployment in their luncheon 
hours. For all such, this book provides a text of very considerable value, giving 
as it does an excellent description of the experiments, blunders and achievements 
made by various representative communities during the last depression. In the 
next period of trial any community whose social workers have utilized present 
prosperity to study this book should be less liable to tolerate such procedure as 
that adopted by the Mayor of Sioux Falls who stated that in order to relieve local 
unemployment he had “substituted hand digging for power in some sewer 
construction and water supply work” (page 76). 

A mass of interesting incidental information, such as the influence of Cham- 
bers of Commerce in volunteer relief organizations (page 142) and the work done 
by negro agencies in behalf of the unemployed of their own race is included in 
these pages. Many of the suggestions made for meeting another emergency 
more effectively are instructive. But the basic theory that local relief agencies 
should be fundamental in unemployment relief also leads to some very debatable 
conclusions. For instance, the theory that community relief should be restricted 
to residents of the community is Elizabethan in its parochialism, and the argu- 
ment that every community should be primarily responsible for its own public 
works program overlooks the fact that all communities are not equally wealthy 
and equally capable of relieving local distress by local measures. While the 
advice to local agencies is generally of a most useful nature it proceeds too much 
on the assumption that such agencies will continue to be the whole rather than 
a valuable supplementary part of unemployment relief programs. 

From the statistical viewpoint the book is most interesting for the clarity with 
which it shows the multitude of good indices available locally to test the trend of 
unemployment at any moment. A serious objection is the fact that not one of 
the twenty diagrams presented is accompanied by the figures on which they are 
based. This omission is particularly aggravating in the case of Diagram 9 
(page 200) where two curves are plotted on the same chart with different, though 
related, scales of ordinates. The result is graphic evidence for a point the va- 
lidity of which the author assumes. Actually, however, the point is far from 
proven, and the careful reader is bound to be irritated by the omission of the 


statistics on which the argument is based. 
Feirx Mor.ey 


The Third Winter of Unemployment: The report of an Enquiry undertaken in the 

Autumn of 1922. London: P. 8. King & Son, Ltd. 1923. 348 pp. 

“The years 1921 and 1922 are the worst in the records of unemployment” in 
the United Kingdom; “at the end of August, 1922, in Great Britain and Northern 
Ireland, 1,427,311 persons, or 12 per cent of the insured population, were recorded 
as unemployed.” But, ‘no measure of unemployment is complete that does not 
take account of short time.’”’ Estimates based upon such data as is available 
indicate that “‘under-employment, or short time, in industry as a whole was half, 
or rather more than half, as considerable as complete unemployment; and that 
altogether about one-fifth, or rather more, of the national labour power (other 
than agriculture) was running to waste” (page 30). “Present cost of mainte- 
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nance at the Poverty Line would therefore be about 200 million pounds, or from 
53 to 7} per cent of the national income” (page 67). 

In such somber words a group of English investigators, Messrs. J. J. Astor 
A. L. Bowley, Henry Clay, Robert Grant, W. T. Layton, P. J. Pybus, B. i 
bohm Rowntree, George Shuster and F. D. Stuart, assisted by seven investi- 
gators, report the result of their effort to obtain ‘‘an objective account of the 
present unemployment problem and the measures that have been adopted to 
meet it. But, they state, “if the present depression is distinguished by its 
intensity it is equally distinguished by the amount of the relief made available. 
The absolute physical suffering that accompanied the less severe depressions of 
the pre-war years has been prevented” (page 77). The actual expenditures 
out of public funds for the relief of the unemployed totaled about 82 million 
pounds in the year ending March 31, 1922 (page 64). Savings, the charity 
of relatives and friends, trade-union funds, and “the privation of the un- 
employed worker and his family” met the balance of the wage losses of the 
unemployed workers. 

The investigators made intensive studies of the depression experience of nine 
important industrial areas, Birmingham, Burnley, Cardiff-Blaina and Abertillery, 
Glasgow, Manchester, Middlesborough, Sheffield, Stoke-on-Trent, and Wool- 
wich, and the volume includes a detailed report upon the facts of unemployment 
and of the policies of relief in each of these districts, as well as an analytical 
picture of the national situation and of the workings of the Unemployment 
Insurance and Poor Relief laws. 

The report is of vital importance to the United States. It furnishes definite 
information upon important questions in controversy in this country. Only a 
few of the outstanding facts and conclusions are cited here—enough to indicate 
that students of unemployment in the United States cannot afford to overlook 
this volume. 

1. The intensity of the unemployment problem is not revealed by “the na- 
tional average of unemployment.” Some industries and some districts are worse 
off than others. A given industry may show twice as much unemployment in 
one area asin another. This difference in the intensity of the problem in differ- 
ent localities forces some areas to bear an excessive burden for reliet. 

2. Part of the unemployment of 1920-23 is due to trade depression causes of a 
character similar to those characteristic of pre-war depressions, but part of it is 
due “to the abnormal twist that the war gave this country’s industrial develop- 
ment.” Some industries appear to be “overpopulated.” The war overstimu- 
lated the entrance of labor into them. Reabsorption of such excess labor supply 
can be accomplished only by diverting it into other industries—a difficult and 
painful process. 

3. The Unemployment Insurance scheme has served as the basis of unemploy- 
ment relief. More than three-quarters of all the money spent on unemployment 
relief has been spent under the Insurance acts. But the actuarial basis of the 
acts had to be changed to meet the present emergency. Under the original acts 
insurance was paid to the workers as such, and its amount governed by the length 
of the period over which they had been paying into the insurance fund. Extra 
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allowances had to be made to men with dependents after 1920. Consequently, 
“the scheme has lost something of the character of insurance and taken on that 
of relief” (page 9). “It has been necessary to authorize the insurance fund to 
borrow from the Treasury up to 30 million pounds on the security of future 
contributions.” Since the insurance fund does not cover all workers, and does 
not give continuous relief to those it does cover, it has been necessary for the 
Poor Law to supplement the Insurance Law. 

4. To the extent that it departs from the principle of insurance, 7. e., “the 
proportioning of benefits to contributions,’ and substitutes relief according to 
need, it throws upon the shoulders of those at work a burden that does not belong 
to industry but to the nation. The extension of the insurance act to meet other 
needs than “provision for ordinary trade fluctuations” is inexpedient and un- 
fortunate (page 79). It “confuses insurance with relief.” 

5. It is equally unjust to throw upon the local community that part of the 
burden of unemployment due to international and national causes. The Board 
of Guardians of Birmingham declared in 1921 that the refusal of the government 
“to accept a national responsibility for the unprecedented distress arising from 
wide-spread unemployment places upon industrial centres an improper and 
unfair burden,” and called upon the government “to accept a national responsi- 
bility for conditions which are national in their cause.” 

6. The relief distributed under the Insurance Act and the Poor Law has ap- 
parently not resulted in any demoralization of the workers’ will to work. ‘The 
crude idea that the relief is the demoralizing influence in unemployment receives 
no support from our inquiry. What is demoralizing in unemployment—the 
enforced idleness, the loss of occupation and the denial of the opportunity of 
useful work—is having its influence—but up to the present the greater provision 
of relief has acted rather as a support to self-respect and a safeguard against 
demoralization.” 

7. Efforts to provide work for the unemployed have been of little avail. They 
have consisted of relief works, grants by the central government to the localities 
to stimulate local public works, and subsidies to certain classes of private pro- 
motions. The investigators suggest that “the policy of adjusting Government 
assistance to the normal procedure of industry is likely to provide more unem- 
ployment indirectly, by avoiding the waste of relief work and accelerating general 
trade recovery.” 

The points cited are simply “high-lights” taken from 350 pages of concrete 
information and careful analysis of England’s experiences during the past three 
years. The work is commended to the reader’s thoughtful consideration. 

D. D. Lesconier 

University of Wisconsin 


Anthracite Accounting and Finance. Statement to the United States Coal Com- © 
mission by the Anthracite Representatives of the United Mine Workers of 
America, 1923. 86 pp. 

As is explained in the introductory covering letter to the Coal Commission, 

Parts I and II of this report consist in detailed criticism of the accounting system 
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(The Montgomery-Norris “Uniform Classification of Accounts for Anthracite 
Coal Operators”) now widely used in the anthracite industry, and a presentation 
of two alternative plans with respect to future financing in this field. Part [1] 
(pages 57-85) is devoted to tables, extracts from Federal Trade Commission re. 
ports, statements of engineers and accountants, and other supporting exhibits, 

The assumption that the production of anthracite coal is essentially a public 
service industry is the point of departure in this report and is the fundamental 
consideration underlying the more important criticisms and recommendations. 
Upon this premise, in the first place, is based the contention that the “invest. 
ment” accounts should be restricted to a showing of the actual cost of the prop- 
erties modified by appropriate depletion allowances. It is insisted that revalua- 
tion figures, whether derived from appraisals, “discovery values,” or otherwise, 
should be excluded. Valuations carried in the accounts at present, it is pointed 
out, are far above cost, due in particular to the wholesale recognition of apprecia- 
tion in response to those provisions of the federal income tax program which 
permit the use of fair market value as of March 1, 1913, and, in some cases, of 
discovery value, as bases for the calculation of depletion deductions. 

This contention is carried over into the discussion of the cost accounts, par- 
ticularly those dealing with depletion and depreciation. Depletion, it is urged, 
for the purpose of determining cost of production, should be based solely on the 
actual cost of the coal deposits; and the current charge in any case should be that 
proportion of the total purchase price of the deposit which the tonnage mined 
during the period is of the total estimated tonnage. 

In Part II, in the formulation of a proper definition for investment, the view 
that the anthracite industry is a public utility is again emphasized. Here it is 
argued that the investors’ “net sacrifice”’ is the essential element to be recognized 
in the determination of appropriate capital costs. It is held, in other words, that 
the investor is entitled to a fair return (six per cent) on his cash or equivalent 
investment (reinvested earnings being excluded), this sum to be augmented by 
any deficiencies in the amounts actually drawn year by year and to be decreased 
by payments to investors in excess of the stipulated fair return. 

Of the plans proposed for future financing the first assumes that adequate new 
capital can be secured continuously on the basis of a fair return (six per cent) 
“if and when earned.” The alternative proposal provides for the exchange of 
outstanding stocks for six per cent bonds and the retirement of the entire invest- 
ment over a period of fifty years. Figures are presented to show that this might 
be done without inequity to investors and without advance in price; and it is 
argued that there would still be a margin of earnings left to meet the need for 
additions and betterments. The scheme provides for public or joint ownership 
and control at the conclusion of the fifty-year period. 

In this connection it may be pointed out that throughout the report there is no 
recognition of the important fact that capital has been invested in the anthracite 
field in the past largely on the basis of the assumption that coal production was 
an unregulated, speculative industry, subject to financial opportunities and haz- 
ards similar to those in other lines, and that, consequently, a measure of injustice 
would attach to any attempt to deprive the investors involved of all participation 
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in the price advances of recent years. Even to preserve the integrity of actual 
investment in the sense of real sacrifice it would at least be necessary to make 
due allowance for the change in the value of money in computing the amount of 
investment to date. Further, numerous individual investors have doubtless 
acquired shares in good faith on the basis of present values. Clearly it would be 
inequitable for the public to confiscate any part of such commitments. 

In so far, of course, as present owners have enjoyed monopoly profits in the 
industry the case for the maintenance of present values is not so clear. 

The report also criticizes current accounting practice in the anthracite industry 
with respect to a large number of minor items. Costs, it is held, are often in- 
flated by the inclusion of arbitrary estimates for ‘mine hazards,” through the 
payment of excessive royalties, salaries, and legal fees, through unreasonable 
publicity expenses, double depletion charges in the case of culm bank coal, 
duplication of cost in the case of boiler fuel taken from the operator’s own mine, 
and soon. The point is emphasized that costs not necessary to the production 
of coal should not be included. If, for example, operators provide houses for 
employees under circumstances where this is not strictly essential to coal mining 
as such, all costs attaching to such ancillary activity, it is urged, should be ex- 
cluded from coal costs, and all income items of this class should be similarly 
segregated. 

Assuming that the practices referred to are at al] common most of these minor 
criticisms are well taken. It appears clear that costs have sometimes been liber- 
ally stated, particularly in special studies and reports undertaken by the operators 
in connection with wage controversies. On the other hand, it would not be safe 
to conclude on the basis of this report that the costs of anthracite production, 
as shown on the books of account and in the tax returns forwarded to the federal 
government, are in general seriously inflated. 

W. A. Paton 


University of Michigan 


Frequency Arrays: Illustrating the Use of Logical Symbols in the Study of Statistical 
and Other Distributions, by H. E. Soper. Cambridge University Press. 1922. 
48 pp. 

In this book “symbols having a logical but no numerical interpretation are 
frankly admitted into the mathematical expressions of the counts or distributions 
of frequency and the consequences of this course are followed up.” 

The frequency distribution of a population of / individuals with respect to the 
character A may be expressed as 

‘ LAithAst . . . +1sAz (1) 


where J, denotes the number of individuals in the class A;, and so on, or, dividing 
by land denoting by p:,p2 . . . the fractionsi,/l,4/l . . . we have 
the “frequency array” 

PiAit+prArt+ . . . +DeA, (2) 


of the grades A,, A; . . . in the population, or in other words the frequency 
distribution of the character A when the total population is taken as unity. 
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If random samples of n are taken from this population the frequency array 
of these samples is expressed as 
(piAi+peAot . . . +p,A;)” (3) 
The expansion of this expression by the multinomial theorem will have the form 
ZPmm . . . weft Asm . . . Ag®, 
n! 


where Pnjn . . . ng= — “Pa 
MMe . « «© Ms! 


m,, na 





P2 


M1, . . . having all values from 0 to n subject to m+n2+ 
Ns=N. Dm,m . . . ng iS the frequency, or probability of occurrence, of a 
sample containing m, individuals of the class Ai, mz of the class A», and so on, 
such a sample being symbolized by 
ar «s+ a (7) 

This way of expressing constitution by symbols associated in product, instead 
of in sum, which follows naturally from the expansion of the expression for the 
frequency array of samples, may be used to describe any unit whether its char- 
acters are considered as the result of a sampling process or not. A population is 
said to be in “sample” array when expressed in a form such as (4). With this 
extended definition the indices may take fractional and negative values and, 
if any of the characters are continuous variates, signs of integration will replace 
signs of summation. 

Multiplication of an array by A”, or A~™, throws back, or advances the origin 
of measurement of A m units. For instance, if m is the mean of the array f(A), 


A~" f(A) 
represents the array referred to its mean as origin of measurement. Similarly 
the substitutions A = A,’, or A* = A;, respectively diminish or increase, the unit of 
measurement s times. 
The substitution A =e* gives 


f(e*) ==p.e"* =zp.(1+z2a +a— + 
z z 2! 


2 
=] +ma+m I Si os. +t + — a (8) 
! r! 


where m, is the rth moment of the distribution about the origin. By this very 
ingenious method, which may be extended to distributions involving any number 
of variables, the moments of an analytical frequency distribution may be easily 
and systematically obtained. 

This résumé will suffice to give the reader some idea of the methods involved. 
Mr. Soper then illustrates their use by applications to the binomial, Poisson, 
Gaussian, exponential, gamma type and hypergeometric frequencies, as well as to 
geometrical distributions and problems of random migration. In this, as in 
other fields, the symbolic method proves itself a powerful engine, but whether It 
will come into more general use is for the future to determine. 

Joun Rice MINER 
School of Hygiene and Public Health, 
The Johns Hopkins University 
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The British Coal-Mining Industry During the War, by R. A.S. Redmayne. Part 
of Economic and Social History of the World War, Publications of the Carnegie 
Endowment for International Peace. Oxford University Press, American 
Branch, New York, 1923, 348 pp. +xv, 5 diagrams, and 13 Appendices. 


In this work the writer has endeavored to give a clear and concise account of the 
coal-mining industry of the United Kingdom during the period covered by the Great 
War and up to the termination of Government control and the settlement following 
the national strike of miners in 1921. . . . His endeavor throughout has been to 


be an impartial narrator of events. 


As implied above, this book is a running narrative of the vicissitudes of the 
British coal-mining industry during the war-period and of the numerous measures 
undertaken by the British Government to bring this undertaking under control 
and into codérdination with the other war-distorted industrial activities of the 
United Kingdom. The work is interspersed here and there with some measure of 
statistical data and economic analysis, but for the most part the substance is that 
of a history of events. The work, within these limits, is well executed, clearly 
and attractively written, carefully documented, and not without a certain 
naivité of expression and point of view. 

The narrative takes up the coal industry in the period immediately preceding 
the war, when it provided 21.7 per cent of the world’s supply of coal from 3,000 
mines, operated by 1,500 companies, employing 1,110,884 persons, the properties 
being vested in the hands of 4,000 owners with an estimated capitalization of 
£135,000,000; and traces, over the early years of the war, the phenomena of rising 
costs, declining output, depletion of the labor supply, overproduction of by-prod- 
uct coke, wage disagreements, and other developments resulting from the dis- 
location of normal industrial balance. These difficulties led to the formation of 
three committees dealing with the subjects of coal production, coal distribution, 
and coal exports, and later the work of these committees was coérdinated through 
the appointment of a Supervisor of Committees dealing with Fuel. “A notable 
function which these Committees performed was the application of ‘coal pressure’ 
on neutral Governments and their subjects in order to secure certain commodities 
in exchange for coal.” 

These efforts toward Government regulation proved inadequate, for in 1917 
the mines were placed under full Government control through the appointment 
of a Controller of Coal-mining, who exercised authority over wages and profits 
in addition to the physical aspects of the industry. With the work of the Con- 
troller of Coal-mining the main body of the book is concerned. The Controller’s 
Office 
. _ fixed certain pit-head prices for the sale of coal for inland consumption, thus 
conferring an enormous boon upon the British domestic and industria] consumer, while 
leaving the coal-owner free to get the best prices possible for coal for export, save for a 
limitation in the case of coal sold to our Allies. Thus at one time the price of the 


gg coal was—for ome consumption 16s. 6d. per ton, for export 60s., 62s. 6d., and 
eee 


The book concludes with the measures by which “de-control” of the industry 
was effected after the war. Two years were required for the process of “de-con- 


9 
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trol” and the readjustment was accompanied by two strikes and the report of 
the Coal Industry Commission, or as it is better known, the Sankey Commission, 

Whatever opinions -v,! be held as to the several and opposing reports issued by the 
different sections of the Commission—unanimity was never attained or even approxi- 
mated to—every one must agree that a greater mass of information relative to the coal- 
mining industry was collected and brought together than was ever before available, 
and the volumes of evidence, appendices, and reports must for long remain the well 
from which writers and investigators on subjects relative to the mining industry will 

w. 


The reader emerges from his tortuous travels through the labyrinth of regula- 


tion, control, and de-control and finds himself where he started—facing an 


unsolved problem. 
JoserH E. Pocus 
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